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THE  PROPERTIES  OF  SALT-FORM  COMPOUNDS  OF  VARIABLE  COMPOSITION 
AND  VIEWS  ON  THEIR  CHEMICAL  STRUCTURE 


S.M.  Ariia  and  M,P.  Morozova 


In  connection  with  the  problem  of  whether  a  chemical  compound  has  an  inherently  fixed  or  variable  com¬ 
position,  for  compounds  in  which  appreciable  deviations  from  a  stoichiometric  composition  are  possible,  the 
range  of  these  deviations  is  one  of  the  most  important  problems  of  general  chemistry. 

The  work  of  N.S.  Kurnakov  is  of  decisive  significance  in  the  development  of  this  problem,  having  an  enor¬ 
mous  effect  on  contemporary  ideas  about  chemical  combination.  The  subsequent  emergence  and  rapid  develop¬ 
ment  of  the  x-ray  diffraction  method  of  investigating  solid  bodies  made  possible  an  approach  to  an  understanding 
of  the  views  put  forward  by  N.S.  Kurnakov  with  regard  to  structural  ideas. 

The  experience  accumulated  in  the  course  of  x-ray  crystallographic  investigations  was  generalized  by  the 
efforts  of  a  whole  series  of  chemical  crystallograf^ers.  It  was  noted  that  compounds  of  variable  compositioA 
(CVC’s)  consist  of  subtraction,  interstitial  or  substituted  lattices  [1-8],  - 

These  aspects  constitute  the  basis  on  which  the  investigation  of  CVC’s  is  being  developed  (the  thermody¬ 
namics  of  CVC’s  are  studied  quite  inadequately).  Such  typical  CVC’s  as  ferrous  oxide  FeOj+x*  titanous  oxide 
TiOij-x  and  vanadous  oxide  VOi±xi  are  considered  as  defective  structures  of  the  NaCl  type,  namely  subtractive 
lattices  based  on  this  stracture.  It  is  considered  that  in  the  general  case  both  in  the  metal-atom  and  in  the  oxygen- 
atom  sub-lattice  there  is  a  certain  proportion  of  vacant  positions  (differing  in  the  two  sub -lattices).  The  elec¬ 
troneutrality  of  the  lattices  requites  the  presence  in  the  metal-atom  sub-lattice  of  atoms  in  a  valence  state  dif¬ 
fering  from  that  of  the  majority.  In  these  circumstances  the  distribution  of  botfi  these  atoms  and  the  vacant  po¬ 
sitions  in  the  lattice  is  uniform  and  generally  statistically  disordered. 

The  problem  of  the  present  paper  is  the  examination  of  the  form  of  the  relationship  between  certain  prop¬ 
erties,  in  the  first  case  the  thermodynamic  characteristics,  and  composition  of  some  binary  systems  containing 
CVC’s. 

1.  Enthalpy  of  Formation,  Gram-Formula  Volume,  Entropy 

In  all  cases  so  far  examined,  the  enthalpy  of  formation  of  oxides  of  variable  composition  (FeOi+x  TiOj+x 
[10],  VOj+x  [11])  is  a  linear  function  of  composition.  Moreover,  the  enthalpy  of  formation  of  the  substances  lies 
within  the  limits  of  the  region  of  homogeneity  and  is  practically  equal  to  the  enthalpy  of  formation  of  a  mixture 
of  the  same  empirical  composition  of  certain  compounds  of  the  corresponding  systems.  Thus,  the  enthalpies  of 
formation  of  substances  of  the  composition  Ti0.i.oo”TiOL20i  VOi4)o~VOi,27  or  FeOj.m— FeOm  (TiOL20.  VO1.27, 
FeOm  —  the  upper  boundaries  of  the  region  of  homogeneity)  coincide  very  accurately  with  the  enthalpies  of 
formation  of  mixtures  of  the  same  empirical  composition  of  the  oxides  MeOLO0  and  MeO^so* 

The  enthalpy  of  formation  of  substances  lying  within  the  composition  interval  TiO^oo  and  TiOj,®  (the 
lower  boundary  of  the  region  of  homogeneity  of  titanous  oxide)  is  close  to  the  enthalpy  of  formation  of  a  mixture 
of  TiOj^oo  and  TiOQ  ^j  (the  upper  boundary  of  the  region  of  homogeneity  of  the  compound  lowest  in  oxygen  in 
the  system  Ti-O). 

The  relationships  recorded  are  given  in  Figs.  1-3. 

The  generally  known  fact  that  the  endialpy  of  polymorphic  transformation  of  binary  compounds  is  rather 
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Fig.  1.  Variation  of  enthalpy  of  formation  (in 
kcal  per  gram -formula)  and  gram -formula  vol¬ 
ume  (in  cm*)  of  titanium  oxides  with  composi¬ 
tion. 


small  in  absolute  magnitude,  indicates  that  the  relation¬ 
ship  between  enthalpy  of  formation  (which  is  in  principle 
a  structure-dependent  magnimde)  and  type  of  lattice  is 
not  very  significant 

At  the  sam6  time  .the  enthalpies  of  formation  of 
those  discrete  compounds  of  the  elements  of  the  transition 
groups  in  which  these  elements  act  in  two  different  val¬ 
ence  states  differ  rather  appreciably  from  the  enthalpies 
of  formation  of  a  mixture,  of  the  same  empirical  compo¬ 
sition,  of  those  compounds  in  each  of  which  the  element 
of  the  transition  group  acts  only  in  one  of  the  two  valence 
states  which  coexist  in  the  lattice  of  a  mixed  compound 
(thus  the  heat  of  formation  of  MnOi.53  is  3.6  kcal  greater 
than  the  heat  of  formation  of  a  mixture  of  MnOi^og  and 
MnOi.5o  of  the  same  empirical  composition  [12]  and  the 
heat  of  formation  of  W02,67  is  2.5  kcal  less  than  the  heat 
of  formation  of  a  mixture  of  WO2  and  WO3  of  the  same 
empirical  composition).  Thus,  the  relationship  of  the 
change  of  enthalpy  of  formation  of  some  CVC's  with 
composition  is  not  a  simple  effect, as  for  example,  in  the 
FeOi+x  lattice  where  the  iron  occurs  in  the  same  valence 
states, being  in  the  forms  FeO^oo  ^nd  FeO^go. 


The  equality  of  the  enthalpy  of  formation  of  sub¬ 
stances  lying  within  the  limits  of  the  region  of  homogene¬ 
ity  and  the  enthalpy  of  formation  of  mixtures,  of  the  same 
empirical  composition,  of  certain  specific  compounds  of  the  corresponding  system  is  undoubtedly  a  consequence 
of  the  structural  peculiarities  of  the  lattices  of  such  CVC’s. 

According  to  the  classical  structural  model  of  CVC’s,in  the  MeOj+x  lattice  the  atoms  of  Me^^  and  the 
vacant  positions  are  distributed  uniformly  and  in  statistical  disorder.  In  this  case  Madelung's  constant  would  have 
been  different  from  that  for  a  mixture  of  the  MeOj  oj  and  MeOj^so  lattices  and,  correspondingly,  the  electrostatic 
interaction  energy  in  the  MeOj+x  lattice  must  differ  from  the  electrostatic  interaction  energy  in  a  mixture  of 
MeO^oo  and  MeOi.50. 

In  the  MeOi.00  and  MeOL53  lattices  the  Me^^  and  Me^  atoms  occur  in  a  state  of  specific  exchange  inter¬ 
action  (this  is  shown,  in  particular,  by  the  magnetic  properties  of  compounds  of  elements  of  the  transition  groups) 
which  introduces  a  definite  component  into  the  energy  of  the  lattice  and  consequently  also  to  the  enthalpy  of 
formation. 

In  MeOj+x .according  to  the  classical  structural  model, the  atoms  of  Me^^ .while  being  uniformly  distributed, 
are  placed  far  apart  (for  example,  in  the  composition  MeO^js);  consequently,  the  exchange  interaction  between 
them  is  hindered  and  must  be  superseded  in  the  main  by  the  interaction  between  Me^^  and  Me^  which  is  charac¬ 
terized  by  another  energy  effect. 


It  would  seem  diat  this  fact  also  must  require  an  enthalpy  of  formation  differing  from  the  enthalpy  of 
formation  of  a  mixture  of  MeO^jo  and  MeOj^so  of  the  same  empirical  composition,  for  substances  lying  within 
the  limits  of  tiie  region  of  homogeneity. 

Figure  2,  which  illustrates  the  variation  of  the  enthalpy  of  formation  in  the  system  Fe-O,  incidentally 
gives  rise  to  the  following  consideration.  The  heat  of  formation  of  FeOi.38  is  appreciably  greater  than  the  heat 
of  formation  of  a  mixture  of  FeOj^oj  and  FeO^ 53, evidently  because  of  the  uniform  distribution  of  Fe^f  and  Fefff 
atoms  in  tiie  lattice  which  obviously  occurs  in  a  condition  of  special,  specific  interaction. 

If  sudi  a  uniform  distribution  of  Fe^f  and  Fe^^  had  taken  place  in  the  FeOj+x  lattice,  then  probably  the 
enthalpy  of  formation  of  the  substance  of  composition  FeOj+x  would  have  been  near  to  that  of  a  mixture  of  FeOj^oo 
and  FeOL3j  and  not  of  a  mixture  of  FeOmo  and  FeOj,53,  which,  in  fact.occurs.  It  seems  to  us  that  the  zero  en¬ 
thalpy  of  mixing  of  FeOj^jo  and  FeOj^so  on  formation  of  FeOj+x  can  be  considered  as  an  indication  that  in  this 
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case  the  classical  model  of  a  CVC  lattice  is  not  formed 
but  a  submicro -inhomogeneous  structure  arises  —  the 
PcOloo  lattice  in  which  islands  of  agglomerates  of  Fe^H 
are  disseminated  (in  conjunction,  of  course,  with  atoms 
of  oxygen  in  the  appropriate  ratio). 

In  the  light  of  what  has  been  said  above  it  is  ob¬ 
vious  that  the  practical  equality  of  the  enthalpy  of 
formation  of  substances  lying  within  the  region  of  homo¬ 
geneity  to  that  of  mixtures  of  the  corresponding  com¬ 
pounds  of  the  same  empirical  composition  must  be  in 
accordance  with  such  a  submicro -inhomogeneous  struc¬ 
ture.  It  is  evident  that  the  proximity  of  the  gram -for¬ 
mula  volumes  of  substances  lying  within  the  region  of 
homogeneity  to  that  of  mixtures  of  the  corresponding 
compounds  must  also  be  in  accordance  with  the  submi¬ 
cro -inhomogeneous  structure  of  lattices  of  CVC's. 

As  is  seen  from  Fig.  1,  this  actually  occurs  in  the 
system  Ti-O  [13].  The  gram -formula  volume  of  VOj+x 
is  a  little  smaller  than  that  of  a  mixture  of  VOi.0((  and  VO1.50  of  the  same  empirical  composition. 

The  reason,  at  least  in  part,  is  that  it  cannot,  of  course, be  assumed  in  principle  that  all  the  Me^^^  atoms  in 
the  Met+x  lattice,  without  exception,  enter  into  the  composition  of  their  agglomerates.  A  certain  proportion  of 
the  Me^^  atoms  (we  will  discuss  this  in  detail  below)  must  occur  "one  by  one"  within  the  limits  of  the  basic  lat¬ 
tice,  which  cannot  but  give  rise  to  the  known  deviation  of  certain  properties  from  additivity. 

The  entropy  of  ferrous  oxide,  FeOj+x  as  a  function  of  composition  is  shown  in  Fig.  4.  It  is  clearly  evident 
that  it  is  greater  than  the  entropy  of  a  mixture  of  FeO^oo  and  FeO^sQ  of  the  same  empirical  composition.  This 
fact  is  also  responsible  for  the  possibility  of  a  thermodynamically  stable  state  of  homogeneous  (in  the  ordinary 
sense)  substances  of  the  composition  FeOj+x  in  comparison  with  a  mixture  of  FeOj^oo  ®nd  FoOlso  and  even  in 
comparison  with  a  mixture  of  FeO^qo  and  FeO^jq  (FeqQq). 


Fig.  2.  Variation  of  enthalpy  of  formation  of  iron 
oxides  (in  kcal  per  gram -formula)  with  composi¬ 
tion  of  the  oxides. 


Fig.  3.  Variation  of  enthalpy  of  forma¬ 
tion  of  vanadium  oxides  (in  kcal  per 
gram -formula)  with  composition  of  the 
oxides. 
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Fig.  4.  Variation  of  entropy  of  iron  oxides 
(in  entropy  units)  widi  composition  of  die 
oxides  at  1104*K. 


It  should  be  noted  that  the  submicro -inhomogeneous  lattice  that  we  postulate  for  certain  CVC’s  must  be¬ 
have  thermodynamically  as  a  single  phase  since  the  agglomerates  of  Me^  atoms  cannot  be  regarded  as  inde¬ 
pendent  formations.  Because  of  the  low  values  of  their  numbers,  interactions  of  their  component  Me^^  atoms  and 
the  atoms  of  the  nonmetallic  element  with  the  particles  of  the  basic  lattice  are  of  great  significance.  The  sub¬ 
micro -inhomogeneous  structure  in  question  is  by  no  means  equivalent  to  a  mechanical  mixture  of  the  corres¬ 
ponding  compounds. 
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2.  The  Magnetic  Susceptibility  and  Electrical  Conductivity  of  Iron  Oxides  at  High 
Tern  peratures 


As  has  been  shown  previously  [14]  the  magnetic  susceptibility  of  ferrous  oxide  at  high  temperatures  is  a 
linear  function  of  composition.  Furthermore,  the  magnetic  susceptibility  is  practically  the  same  as  that  of  a 
mixture  of  low-oxygen  ferrous  oxide  and  ferric  oxide,  of  the  same  empirical  composition  (Fig.  5).  The  magnetic 
susceptibility  of  FeO^^so  (Fe20j)  is  considerably  lower  than  that  which  should  occur  in  the  absence  of  antiferro¬ 
magnetic  interaction  between  the  Fe^^  atoms.  At  the  same  time  it  is  known  that  in  going  over  from  the  Fe20j 


to  the  Fe2(SQ4)s  lattice  the  magnetic  susceptibility,  calculated 
on  1  gram -atom  of  Fe^^  rises  to  a  value  in  conformity  with  the 
ionic  model  since  a  separation  of  the  Fe^^^  atoms  from  one  ano¬ 
ther  takes  place  and  this  eliminates  the  possibility  of  antiferro¬ 
magnetic  interaction.  According  to  Selwood  [15]  the  same  thing 
occurs  on  diluting  ferric  oxide  with  aluminum  oxide.  If  the 
FeOj+x  lattice  were  characterized  by  the  uniform  distribution  of 
Fe^^^  atoms  in  it,  it  would  seem  that  the  antiferromagnetic  inter¬ 
action  between  the  Fe^^^  atoms  even  in  this  case,should  be  weak¬ 
ened  to  a  considerable  extent,  because  even  at  a  composition  of 
FeOi,y)  there  are  four  atoms  of  Fe^^  to  one  atom  of  Fe^^^,  i.e., 
the  Fe^^^  atoms  should  be  sufficiently  separated  from  one  another. 


Fig.  5.  Variation  of  magnetic  suscepti¬ 
bility  of  iron  oxides  with  composition  at 
high  temperatures. 


In  the  light  of  this  it  can  be  surmised  that  the  equality  of 
the  magnetic  susceptibility  of  FeO^+x  to  that  of  a  mixture  of 
FeOLoo  2nd  FeOi.60  of  the  same  empirical  composition  indicates 
that  segregation  of  the  Fe^^  atoms,  and  not  a  uniform  distribu¬ 
tion  of  these  in  the  lattice,  takes  place.  It  should  also  be  noted 
that  the  FeOi,33  lattice,  in  which  the  Fe^^  and  Fe^^  atoms  are 
distributed  uniformly,  is  characterized,  as  is  known,  by  ferro¬ 
magnetic  properties.  It  can  be  surmised  that  if  such  a  distribution, 
posmlated  by  the  classical  model  of  CVC  lattices,  should  occur 
in  FeOi+x  the  latter  should  have  had,  if  only  in  embryo,  elements 
of  this  ferromagnetic  interaction.  The  magnetic  susceptibility 
of  FeOi+x  should  approximate  that  of  a  mixture  of  FeOi.oo 
and  FeOL33,  which  is  not,  in  fact,  observed. 


Aubry  and  Marion  [16]  measured  the  electrical  conductivity  of  ferrous  oxides  of  various  compositions  at 
hi^  temperatures.  The  electrical  conductivity  of  FeOj+x  differs  qualitatively  from  that  of  a  mixture  of  FeO^oo 
and  FeO|.50.  We  stated  above  that  together  with  agglomerates  of  Fe^^^  atoms  an  isolated  distribution  of  these 
(and  vacant  positions)  must  also  occur.  On  such  properties  as  enthalpy  of  formation  and  magnetic  susceptibility 
this  has  practically  no  effect  but  on  electrical  conductivity  -  a  property  that  is  very  strongly  dependent  on  "im¬ 
purities"  and  defective  lattices  —  it  can  have  a  very  marked  effect. 


3.  Statistical-Thermodynamic  Examination  of  the  Problem  of  the  Chemical  Struc¬ 
ture  of  Compounds  of  Variable  Composition 

Let  us  suppose  that  in  the  system  A  — B  there  are  stoichiometric  compounds  AB1.00  and  AB1.50  and  let  us 
suppose  that  there  is  a  region  of  homogeneity  from  the  composition  AB^oo  to  AB^+x  (1  +  x  <  1.5,  B  is  a  divalent 
element).  If  the  CVC  ABloo~ABi+x  has  the  stmcture  specified  by  the  classical  model,  and  at  the  same  time 
substances  of  a  composition  included  in  this  interval  are  formed  from  AB1.00  and  AB^so  without  change  in  en¬ 
thalpy,  as  occurs  in  a  number  of  cases  mentioned  above,  then  their  thermodynamic  stability  is  determined  by 
their  greater  entropy  value  with  respect  to  a  mixture  of  ABj^oo  2nd  AB1.50.  This  increased  entropy  is  explained 
by  an  increased  number  of  micro  states  brought  about  by  different  possibilities  of  substitutions  of  the  vacant  po¬ 
sitions  in  the  lattice. 

If  ABi+x  is  formed  endoAermically  from  ABj  oo  2nd  ABj^so*  classical  model  of  the  structure  of  the 

ABi+x  lattice  must  correspond  to  a  higher  entropy  value  because  the  vibrational  frequencies  of  the  atoms  change 
correspondingly.  However,  if  the  endothermal  effect  is  sufficiently  great  in  its  absolute  magnitude  the  classical 
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model  lattice  formation  will  be  thermodynamically  unfavorable  because  the  increase  in  entropy  will  not  be 
compensated  by  an  increase  in  enthalpy.  This  case  occurs,  in  particular,  when  the  specific  exchange  interac¬ 
tion  of  with  A^^  and  A^^^  with  A^^^  atoms  results  in  a  more  significant  lowering  of  the  energy  of  the  system 
than  does  the  exchange  interaction  of  A^^  with  A^^^. 

In  this  case  a  lattice  of  submicro-inhomogeneous  structure  can  arise  which,  as  stated  above,  under  certain 
conditions  can  be  formed  from  ABi  qj  and  ABj^so  a  practically  zero  heat  effect.*  At  the  same  time,  because 
the  postulated  agglomerates  of  A^“  atoms  cannot  necessarily  be  considered  as  stable  formations, but  rather  as  con¬ 
tinuously  forming  and  disrupting  formations  of  submicro -inhomogeneous  stmcture,  there  must  also  be  a  concomitant 
increase  in  entropy.  As  a  rule,  the  structure  ABlsq  can  be  obtained  from  the  structure  AB^oo  by  removing  from 
the  latter  a  definite  proportion  of  A  atoms  (if  close  packing  of  B  atoms  forms  the  basis  of  both  structures)  with  cor¬ 
responding,  simultaneous  changes  in  the  grouping  of  the  component  particles.  In  the  light  of  this,  in  the  A^^^  ag¬ 
glomerate  region,  in  comparison  with  the  AB^oo  structure,  there  are  vacant  positions  which, as  a  result  of  the  dy¬ 
namic  nature  of  the  A^^^  atom  agglomerates,  can  also  be  distributed  variably  in  the  lattice;  a  vacant  position 
can  occur  at  any  point  in  the  A -atom  sub-lattice.  Correspondingly,  also  in  the  case  of  formation  of  a  submicro- 
inhomogeneous  lattice  from  AB^oo  and  AB^so.an  increase  in  entropy  must  occur.** 

A  conclusion  on  the  possibility  of  the  agglomeration  of  A^^^  atoms  in  the  ABj+x  lattice  in  the  case  when 
the  latter  is  formed  from  AB^oo  and  AB1.50  without  change  in  enthalpy,  can  be  arrived  at  by  examining  this  ques¬ 
tion  from  the  point  of  view  of  the  fluctuation  theory. 

Let  us  assume  (though  this  is  very  improbable,  as  we  have  stated  above)  that  the  ABj+x  lattice  with  a  uni¬ 
form  distribution  of  A^^  atoms  and  vacant  positions  is  formed  from  AB1.00  AB^so  without  change  in  enthalpy. 
Obviously,  in  this  case  a  lattice  of  submicro -inhomogeneous  structure  should  be  formed  ^ore  probablj^  without 
change  in  enthalpy.  In  accordance  with  this  the  occurrence  of  agglomerates  of  A^^^  atoms  in  die  ABj+x  lattice 
in  the  form  of  fluctuations  must  be  accompanied  by  a  practically  zero  change  in  enthalpy  and  a  certain  decrease 
in  entropy,  i.e.,  it  must  be  accompanied  by  an  insignificant  increase  in  thermodynamic  pwtential  and  this  is  just 
the  right  condition  for  a  high  probability  for  such  fluctuations  to  occur. 

It  is  appropriate  to  note  in  this  connection  that  the  assumption  of  the  necessity  of  fluctuations  of  concen¬ 
tration  in  liquid  solutions  was  used  very  fruitfully  by  M.I.  Shakhparonov  [17, 18]. 

The  submicro -inhomogeneous  structure  of  CVC  lattices  and  the  uniform  distribution  therein  of  atoms  not 
in  the  principal  valence  state  of  the  majority,  and  of  vacant  positions,  diould  be  regarded  as  two  extreme  types 
of  chemical  structure  of  such  compounds.  In  an  actual  CVC  lattice,  submicro -inhomogeneous  elements,  segrega¬ 
tion  of  A^^^  atoms  and  isolated  distribution  of  these  in  the  lattice  must  all  occur. 

The  extent  to  which  the  stmcture  of  a  given  CVC  approximates  one  of  these  extreme  types  must  depend, 
above  all.on  the  nature  of  the  compound  and  also  on  temperature  and  the  magnimde  of  the  deviation  of  the 
compound  from  a  stoichiometric  composition.  An  increase  in  the  extent  of  the  deviation  from  a  stoichiometric 
composition  should  draw  the  lattice  structure  toward  the  extreme  case  of  a  submicro -inhomogeneous  stmcture 
an  increase  in  temperature  should  act  in  the  opposite  direction. 

In  the  systems  metal -carbon  [19],  metal— sulphur,  metal -metal  [20]  other  relationships  between  change 
in  enthalpy  of  formation  and  other  properties  of  the  CVC’s  with  composition  are  observed;  it  can  be  surmised 
accordingly  that  submicro -inhomogeneous  elements  enter  into  their  lattices  to  a  lesser  extent.  It  is  without 
doubt,  however,  that  there  must  be  submicro-inhomogeneous  elements,  particularly  near  the  upper  boundary  of 
the  region  of  homogeneity. 

What  is  the  structure  in  the  region  of  agglomerates  of  A^^^  atoms  in  the  ABj+x  lattice?  Is  it  the  same  as 
that  of  the  compound  AB1.50,  spite  of  the  segregation  of  A^^^  atoms  everywhere,  is  the  same  ABi,oo  stnic- 

mre  maintained  in  all  lattices? 


*It  is  quite  clear  that  not  all  compounds  of  AB^oo  form  such  submicro -inhomogeneous  lattices 

isoenthalpically.  This  is  possible  only  for  a  certain  relationship  of  the  structures  of  AB1.00  and  AB1.501  the  char¬ 
acteristics  of  which  are  as  yet  unknown. 

**It  will  be  lower  than  in  the  case  of  uniform,  statistically  disordered  distribution  of  vacant  positions  because  in 
the  case  of  the  segregation  of  A^^  the  distribution  of  individual  vacant  positions  does  not  take  place  independently 
of  one  another. 
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It  will  not  be  possible  to  draw  any  reliable  conclusions  in  this  direction  until  experimental  data  are  avail¬ 
able.  Furthermore,  it  is  clear  that  the  outline  of  the  chemical  structure  of  CVC’s  posmlated  still  needs  careful 
verification  by  a  whole  series  of  experimental  methods. 

SUMMARY 

Examination  of  the  nature  of  the  variation  of  certain  properties  with  composition  in  binary  systems  of 
compounds  of  variable  composition  and  also  a  statistical-thermodynamic  examination  of  the  question  of  the 
chemical  strucmre  of  compounds  of  variable  composition, lead  to  the  conclusion  that  in  the  lattices  of  the  latter, 
segregation  of  atoms  of  the  transition  groups,  that  are  in  different  valence  states,  occurs  to  some  degree  or  other. 

In  other  words,  the  lattices  of  compounds  of  variable  composition,  in  a  number  of  cases  can  have  a  submicro - 
inhomogeneous  structure  (while  remaining  as  a  single  phase  in  the  thermodynamic  sense). 

The  proportion  of  elements  of  submicro-inhomogeneous  structure  must  depend  on  the  nature  of  the  com¬ 
pound,  on  temperature  and  on  die  degree  of  deviation  of  the  CVC  from  a  stoichiometric  composition. 
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STUDY  OF  DOUBLE  SULFATES  OF  AMERICIUM 
BY  ABSORPTION  SPECTRA  IN  CRYSTALS 

G.N.  Iakovlev,  D.S.  Gorb enko - G er m a  no v ,  R.A.  Zenkova, 

V.M.  Razbitnoi  and  K.S.  Kazanskii 

In  this  work  the  ordinary  sulfate  of  americium  and  its  double  sulfates  with  potassium,  thallium,  rubidium 
and  cesium  were  studied.  The  ordinary  sulfate  and  the  following  double  sulfates  of  americium  were  identified  as: 

Am..(S04).,  •  r»n,()  KAm(S04)o  •  2H2O  K3Ain{S04)3  •  IIjO  K8Am2(S04)7 

TlAm{S04)2  •  '  Tl8Am2(S04)7 

llbAm(S()4)^  •  4HmO  Cs8Am2(S04)7 

('sAm(S04)2  ■  4H2O 

The  absorption  spectra  of  polycrystalline  samples  of  the  compounds  were  investigated  in  the  region  4000 
to  8500  A  at  300,  200  and  80"K.  The  peak  separation  of  the  electronic  bands  of  Am'*"*"*’  in  the  5000  A  region 
was  examined  and  the  electronic-vibrational  "lines"  for  the  compounds  in  question  in  the  4500  A  region  were 
identified.  The  effect  of  water  of  crystallization  on  the  nature  of  the  peak  separation  of  the  5000  A  electronic 
bands  and  on  the  nature  of  the  electronic-vibrational  "lines"  in  the  4500  A  region  was  examined. 

It  is  known  that  the  double  sulfates  of  rare  earth  elements  and  alkali  metals  have  poor  solubility  and  as  a 
consequence  of  this  they  play  an  important  role  in  the  analytical  chemistry  of  these  elements.  In  conformity 
with  the  actinide  tlieory,the  transuranium  elements  are  analogous  to  the  rare  earth  elements  and  a  number  of 
their  compounds  have  similar  chemical  properties,  in  particular, the  similarity  of  the  double  sulfates  with  alkali 
metals. 

There  are  data  in  the  literature  about  identified  double  sulfates  of  neodymium  with  potassium,  sodium  and 
ammonium  [1]  and  double  sulfates  of  cerium  and  samarium  with  sodium  [2]. 

Of  the  double  sulfates  of  the  transuranium  elements  with  alkali  metals, the  system  8280^  —  PU2(S04)8  —  H2O 
(where  R  =  K,  Tl,  Rb  or  Cs)  has  been  studied  most  fully  [1].  From  the  example  of  the  systems  of  the  double  sul¬ 
fates  of  Pu  and  Nd,the  similarity  of  this  class  of  actinide  compound  with  the  corresponding  lanthanide  compounds 
was  demonstrated:  in  particular, the  isomorphism  of  NaPu(S04)2’  H2O,  KPu(S04)2' 2H2O,  NH4Pu( 804)2  •  4H2O 
the  analogous  neodymium,  compounds  was  shown  by  the  results  of  x-ray  structural  analysis  [1]. 

8imilarity  of  the  spectra  of  hydrated  ions  of  the  actinides  and  lanthanides  was  shown  by  investigations  on 
the  spectrophotometry  of  solutions  of  the  actinide  compounds,  these  spectra  being  characterized  by  narrow,  sharp 
absorption  bands  in  the  ultraviolet,  visible  and  near-infrared  regions.  This  similarity,  which  is  connected  with 
the  presence  in  the  elements  of  both  families  of  completed  /-electron  shells,  enables  an  analysis  of  the  re¬ 
lationships  characteristic  of  the  spectra  of  /-elements  in  crystals  to  be  made  on  the  example  of  the  lanthanides, 
the  literature  on  which  is  quite  voluminous. 

The  appearance  of  structure  in  the  absorption  bands  of  lantiianides  in  crystals  (hoted  by  many  authors  [3-8]) 
indicates  that  in  the  crystal  an  absorbing  ion  falls  within  the  sphere  of  action  of  fields  created  by  the  association 
of  charges  entering  into  the  crystal  lattice.  This  brings  about  a  splitting  of  energy  levels  of  the  ion  into  a  num¬ 
ber  of  components  and  a  group  of  "lines"  appears  which  corresponds  to  exchange  between  the  components  of  the 
separated  energy  levels.  On  the  basis  of  the  observed  structure  of  the  absorption  bands  brought  about  by  elec¬ 
tronic  transitions,  an  idea  can  be  obtained  about  the  electrical  fields  in  the  crystal  lattice  which  enable  the  /- 
element  ions  to  be  used  as  optical  probes  in  crystals. 
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In  the  spectrum  of  neodymium  salts, Ewald  [3]  discovered  a  group  of  weak,  sharp  "lines"  with  spacings  of 
some  hundreds  of  cm"^  on  the  shortwave  side  of  each  electronic  band. 

Accurate  measurements  of  the  frequency  difference  showed  their  coincidence  with  the  natural  vibrational 
frequencies  of  ions  and  polar  molecules, known  from  the  data  of  Raman  and  vibrational  infrared  spectra.  These 
"lines"  were  identified  as  electronic -vibrational  lines  arising  from  the  superposition  of  lattice  vibrations  on  the 
electronic  transitions.  These  "lines"  were  shown  to  be  very  sensitive  to  isomorphic  change  of  the  lattice  com¬ 
ponents. 

This  effect  should  appear  to  a  very  marked  extent  in  the  case  of  5/-elements  because  the  5f-shell  is 
energetically  and  spatially  more  subject  to  external  electrical  action  than  the  4f  -shell  of  lanthanides.  This 
property  makes  actinide  ions  still  more  suitable  for  the  study  of  the  internal  nature  of  crystals. 

Data  on  the  absorption  spectra  of  actinide  compounds  in  crystals  are  few  and  are  of  a  qualitative  nature. 

The  absorption  spectra  of  UCI3,  NPCI3,  PUCI3  and  AmCl3  have  been  investigated  in  comparison  with  the  spectrum 
of  NdCl3  for  the  purpose  of  drawing  an  analogy  with  the  lanthanides  [9].  The  absorption  spectra  of  crystals  of 
UF4  and  of  the  double  fluorides  of  U  (IV)  with  sodium  and  potassium  have  been  described  [10],  and  on  the  basis 
of  the  similarity  of  the  absorption  spectra  it  was  concluded  that  these  compounds  are  isomorphic.  The  absorption 
spectrum  of  AmCl3*H20  has  also  been  studied  [11]. 

EXPERIMENTAL 

Preparation  and  Analysis  of  the  Ordinary  and  Double  Sulfates  of  Americium  With 
Potassium,  Thallium,  Rubidium  and  Cesium 

The  isotope  Am*^^  was  used  for  the  preparation  of  all  the  compounds.  The  ordinary  sulfate  of  americium 
was  prepared  by  dissolving  the  dioxide  AmOj,  obtained  by  calcination  of  the  hydroxide  Am(OH)3  at  750-850",  in 
8  M  H2SO4.  The  solution  was  diluted  to  an  acidity  of  0.5  M  H2SO4  and  ethanol  was  added  until  a  precipitate 
separated.  The  precipitate  was  removed,  washed  three  times  with  ethanol  and  dried  in  vacuo  to  constant  weight 
at  20". 

For  the  preparation  of  the  double  sulfates  of  americium  with  potassium,  thallium,  rubidium  and  cesium, 
different  volumes  of  standard  solutions  of  the  ordinary  sulfates  of  the  metals  were  added  to  the  solution  of  Am2(S04)3 
at  an  acidity  of  0.5  M  H2SO4,  such  as  to  give  the  different  ratios  of  Mj^+/My^in+++.  For  low  molar  ratios  of 
MR+/MAm''"''+>in  order  to  accelerate  the  precipitation  of  the  correspondingly  little-soluble  double  sulfates,  eth¬ 
anol  was  added  in  the  ratio  1/20, by  volume.  The  precipitates  obtained  were  separated,  washed  four  times  with 
5 O'jfc  ethanol  in  0.1  M  H2SO4,  twice  in  50%  methanol  in  0.1  M  H2SO4  and  dried  in  vacuo  to  constant  weight  at  20*. 

The  air-dried  precipitates  were  analyzed  for  their  contents  of  americium,  804""  and  water.  Americium 
was  determined  radiometrically  in  a  slit  ionization  chamber  filled  with  argon,  and  by  a  gravimetric  method  as 
AmC^.  The  SO4"’  ion  was  determined  gravimetrically  as  83804.  Water  was  determined  by  the  difference  be¬ 
tween  the  weight  of  the  air-dried  precipitate  and  that  of  the  precipitate  after  calcining  at  350-400*.  In  the  case 
of  the  double  potassium -americium  sulfates,a  colorimetric  analysis  for  potassium  as  the  dipicrylaminate  [12]  was 
also  carried  out. 

The  ordinary  sulfate  and  the  double  potassium -americium  sulfates.  From  the  analytical  data  the  formula 
Am2(804)3’ bHjO  was  assigned  to  the  ordinary  americium  sulfate  prepared  by  the  method  described  above. 

A  phase  diagram  was  plotted  for  the  system  K2S04-Am2(504)3-H20  in  the  region  of  Mj^+/My^fn+++  from 
3.0  to  418.0  and  the  following  compounds  were  identified: 


KAmCSOi)-  •  2H2O 

^K+^''^Am+++from  3.7 

to 

10.0 

K3Am(S04)3  •  HjO 

to 

37.9 

K8Am2(S04); 

.l/K4-/A/A,„+++from43.0 

to 

418.0 

The  phase  diagram  of  the  system  K2S04-Am2(804)3-H20  is  given  in  Fig.  1.  Analytical  data  for  the  or¬ 
dinary  sulfate  and  for  the  double  sulfates  of  americium  with  potassium  are  set  out  in  Table  1.  In  Table  2  data 
are  given  on  the  determination  of  the  solubility  of  the  double  potassium -americium  sulfates. 
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Am  content  in  precipitate  (in  %) 

Fig.  1.  Phase  diagram  of  the  system 
K4S04-Am,(S04),-H20. 


Am  content  in  precipitate  (in  % 


Fig.  2.  Phase  diagram  of  the  system 
TlaSO^  -  Am2(S04)8  -HjO. 


TABLE  1 

Analysis  of  the  Single  Sulfate  and  Double  Potassium -Americium  Sulfates 


Compound 

Am  content  | 
(%)  1 

SO4  content 

H2O  content 

found 

calc. 

found 

calc. 

found 

calc. 

found 

calc. 

Am2(S04),  .  5H2O 

_ 

56.1  ±0.2 

56.0 

33.5  ±  0.3 

1 

33,5  i 

10.4  ±0.2 

KAni(S04j2  •  2H,0 

— 

7.7 

47.4  ±0.3 

47.4 

— 

37.8 

7.2  ±0.2 

7.1 

K3Am(S04)3  .  HjO 

18.3 

17.6 

36.3  ±0.2 

36.3 

41.7 

43.3 

2.5 

2.7 

KHAm2(S04)7 

20.9 

21.3 

32.8  ±0.2 

32.8 

46.0 

45.8 

j 

— 

TABLE  2 


Solubility  of  the  Double  Potassium -Americium  Sulfates  at  20* 


W  jM 

K+,  Am^++ 

Volume  of 
ethanol  ad¬ 
ded  (in  ml) 

Solubility 
(g  Am/liter) 

Content  of 
americium 
in  precipi¬ 
tate  (in  % 

Composition  of  precipitate 

418.0 

0.20 

0.003 

32.8 

^8^012(804)7 

73.5 

0.014 

32.8 

K8Ain2{S04)7 

48.5 

— 

0.030 

33.0 

— 

45.5 

— 

0.020 

35.3 

— 

43.2 

— 

0.020 

36.2 

— 

37.9 

— 

0.040 

36.4 

K3Aiti(S04)3  •  H2O 

27.3 

— 

0.050 

36.1 

K3Am(S04)3  •  H2O 

17.0 

— 

0.120 

36.2 

K3Ani(S04)3  •  H2O 

10.0 

0.03 

0.160 

36.3 

— 

6.4 

0.03 

2.800 

47.2 

KAni(S04)2  •  2H2O 

6.3 

— 

— 

47.5 

KAm(S04)2  •  2H2O 

3.7 

0.02 

3.800 

47.7 

KAm(S04)2  •  2H2O 

3.0 

0.02 

— 

48.0 

KAm(S04)2  •  2H2O 

Double  thallium -americium  sulfates.  A  phase  diagram  was  plotted  for  the  system  Tl2SQ4-Am2(S04)8-H20 
in  the  region  of  M'];'i+/MAm+++  front  1.1  to  17.3  and  the  individual  compounds  TlAm(S04)2  •  4H2O  and  Tl8Am2(S04)7 
were  identified. 

These  compounds  were  prepared  by  a  method  similar  to  that  described  above  for  the  double  potassium - 
americium  sulfates. 

The  phase  diagram  of  the  system  Tl2S04—Am2(S04)8-H20  is  shown  in  Fig.  2. 
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TABLE  3 

Solubility  of  the  Double  Thallium -Americium  Sulfates  at  20* 


"TI+/^Ain+++ 

Volume  of 
ethanol  ad¬ 
ded  (in  ml) 

f  Solubility 
(g  Am/liter) 

Content  of  ' 
americium 
in  precipi- 
1  late  (in  % 

! 

Composition  of 
precipitate 

17.3 

_ 

1.40 

17.3 

Tl8Atn2(S04)7 

15.8 

0.08 

1..30 

17.3 

Tl8Am2(S04)7 

10.9 

0.10 

2.20 

17.3 

'I  lgAm2(SU4)7 

6.3 

0.0(i 

4.20 

17.4 

Tl8An'i2(SL)4)7 

4.8 

0.06 

— 

.33.2 

— 

4.5 

0.04 

4.60 

34.2 

TIAm(S()4)2  •  4H2O 

1.9 

0.03 

5.70 

33.9 

TlAm(S04)2  •  '4^2^ 

1.1 

0.03 

6.00 

40.8 

TA  BLE  4 

Comparison  of  the  Ordinary  Sulfate  and  Double  Sulfates  of  Plutonium  With 
the  Corresponding  Americium  Compounds 


Plutonium  compounds 

1 

I  Americium  compounds 

1 

l'ii2(S04).,  .  511,0 

Pu,(S04).,  •  71120 

KPu(S04)',  •  2H,0 

K  1*11(804)2  •  H,”!) 
lie  found 

K„Pu2(S04)7 

T1Pu(SO.)2  -41120 
Hb!*n(SO,)2  •  411,0 
CsPu(S04),  •  41120 

Am2(S04)3  •  5HoO 
found 

KAm(S04),  •  2H2O 

He  found 

K3An»(S04)3  •  1120 

KgAm, (804)7 
TlAm(S04)2  •  4H2O 
HbAm(S04)2  •  4H2O 
CsAm(S04)2  •  41120 

In  Table  3  results  of  the  determination  of  the  solubility  of  the  double  thallium -americium  sulfates  are 

given. 

Double  sulfates  of  americium  with  rubidium  and  cesium.  A  phase  diagram  was  plotted  for  the  system 
Rbj|SQ4-Am2(SQ4)3-H20  in  the  region  of  MR5+/MAjn+++  from  0.6  to  325.3  and  a  double  sulfate  of  the  composi¬ 
tion  RbAm(S04)2  •  4H2O  was  identified.  No  phase  diagram  was  plotted  for  the  system  CS2SO41 -Am2(SQ4)8-H20. 

Two  double  sulfates  were  obtained  that  precipitated  at  the  Mcs‘''/MAm+++  ratios  of  51.7  and  129.1.  For  the 
compound  obtained  at  the  ratio  M(^5+/M^jjj+++  of  51.7  the  composition  CsAm(S04)2  *  4H2O  was  found.  The 
compound  obtained  at  the  ratio  Mcs‘''/^Am 129.1  was  not  analyzed.  The  absorption  spectrum  of  this 
double  sulfate  was  recorded  and  the  composition  Cs2Am2(S04)7  was  assigned  to  this  compound  on  the  basis  of  the 
spectrographic  data. 

The  following  conclusions  can  be  drawn  from  the  analytical  data  and  from  the  solubilities  of  die  ameri¬ 
cium  double  sulfates  identified. 

1.  The  americium  double  sulfates  have  low  solubility. 

2.  In  the  series  of  double  sulfates  of  americium  with  potassium  and  thallium, the  solubility  decreases  with 
increasing  content  of  the  monovalent  cation:  for  the  double  sulfates  with  potassium  from  3.80  to  0.003  g  Am/liter, 
for  the  double  sulfates  with  thallium  from  6.00  to  1.40  g  Am/liter. 

3.  The  double  thallium -americium  sulfates  have  greater  solubility  than  the  corresponding  double  potassium - 
americium  sulfates. 

4.  A  double  sulfate  of  the  composition  R2Am(S04)8‘  H2O  was  identified  only  in  the  case  of  potassium. 


2656 


HCIO^. 


Fig.  4.  Absorption  spectrum  of  Am(OH)s  in  the 
region  4000-5200  A  at  80*K. 


5.  The  double  thallium -americium  sulfates  are 
formed  at  lower  molar  ratios  of  Mj^+/My^n,+++  than  the 
analogous  double  potassium -americium  sulfates. 

In  Table  4  the  known  ordinary  sulfates  and  double 
sulfates  of  plutonium  are  compared  with  the  correspond¬ 
ing  americium  compounds  studied  by  us. 

Absorption  Spectra  of  the  Ordinary  Sulfate 
and  Double  Sulfate  of  Americium  With 
Potassium,  Thallium  and  Cesium 


The  hydrated  Am"*"'"*'  ion  is  characterized  by  the 
occurrence  of  a  small  number  of  sharp,  intense  absorption 
bands  widely  separated  from  one  another  (5030,  8110  and 
10500  A).  The  absorption  spectmm  of  Am+++  in  2  M 
HCIO4  [13]  is  shown  in  Fig.  3.  The  comparative  simpli¬ 
city  of  the  absorption  spectrum  of  hydrated  Am'*’'*’’''  makes 
this  ion  particul^ly  suitable  for  the  study  of  the  absorp¬ 
tion  spectra  of  Am'*"'''''  compounds  in  crystals  because  it 
would  be  expected  that  electronic  absorption  bands  in 
crystals  will  undergo  specific  peak  separation  and  elec¬ 
tronic-vibrational  absorption  bands  will  be  uncovered 
which  would  be  extremely  difficult  to  interpret  in  the 
case  of  hydrated -ion  absorption  spectra  of  a  complex 
nature. 

In  the  present  work  the  absorption  spectra  of  the 
following  compounds  were  plotted: 


Am2(S04)3  •  SlIjO  KAm(S04)2  •  21120  K,,Am(S04)3  *  K3Ain2(S()4)2 

Am2(S04)3  KAm(S04)2  Tl8Am2(S()4)7 

TlAm(S04)2  •  411,0  Cs8Ani2(S04)7 

CsAm(S04)2  •  411^0 

The  anhydrous  compounds  Am2(S04)3  and  KAm(S04)2  were  prepared  by  calcining  the  corresponding  hy¬ 
drated  crystals  at  350-400*.  The  method  of  preparing  the  samples  for  plotting  absorption  spectra  was  determined 
mainly  by  the  necessity  for  deep  cooling  of  the  specimens  during  the  plotting  and  for  maintaining  an  approxi¬ 
mately  constant  film  thickness.  The  following  method  was  worked  out  for  the  preparation  of  the  specimens:  be¬ 
tween  two  flat,  glass  plates  of  32  mm  diameter,  and  1  mm  thickness  is  placed  a  "cambric  cloth"  washer  of  the 
same  diameter  and  0.12  mm  thick  with  a  central  aperture  of  5  mm  diameter.  In  the  space  between  the  glass 
plates  formed  by  this  aperture,4-5  mg  of  the  crystals  of  the  compound  being  investigated  are  placed  and  the 
glass  plates  are  held  together  by  a  thin  rubber  ring.  The  whole  system, together  with  a  diaphragm  of  nonactinic 
paper  of  5  mm  diameter,  was  fixed  in  a  special  clamp  and  for  low -temperature  plots  was  lowered  on  an  over¬ 
head  support  into  a  transparent  Dewar  vessel  containing  a  cooling  mixture.  Two  types  of  samples  were  used  for 
examination  —  undiluted  and  diluted  with  fused  potassium  sulfate.  Weak  "lines"  were  plotted  with  undiluted 
samples,  the  specimens  diluted  with  potassium  sulfate  were  used  for  plotting  the  intense  absorption  bands. 

Preliminary  plots  showed  tiiat  dilution  of  the  specimens  with  potassium  sulfate  does  not  alter  the  character 
of  the  spectrum  but  it  lowers  the  absorption  in  the  region  of  the  intense  bands  sufficiently  to  enable  the  fine 
structure  to  be  seen. 

The  absorption  spectra  were  plotted  on  an  ISP-51  three-prism,  glass  spectrograph  with  a  camera  of  F  =  270 
mm,  in  the  wavelength  region  from  4000  to  8500  A.  The  degrees  of  dispersion  of  the  apparatus  for  the  respective 
wavelengths  were : 
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Fig.  5.  Absorption  spectra  of  americium  compounds  at  80‘K. 


A  A/mm 

8000  -  196 
7000  -  149 
6000  -  87 

5000  -  47 
4500  -  28 
4000  -  19 

For  plots  in  the  7000-8500  A  region  home-produced  plates,  "Infra -220  and  840,"  were  used  and  also  im¬ 
ported  plates  "Infrared  850,  950  and  1050."  For  plots  in  the  4000-5200  A  region,  Russian-produced  isoorthochro- 
matic  contrast  plates  with  a  sensitivity  of  45  GOST  units  were  used.  A  500-W  incandescent  lamp  was  used  as 
the  continuous  spectrum  source.  Under  these  conditions  the  exposure  times  were  from  10  seconds  to  2  hours. 

The  absorption  spectra  were  recorded  with  a  slit  width  of  0.025  mm.  The  spectra  obtained  were  interpreted  with 
the  help  of  a  reference  spectrum  (iron-arc  spectrum)  on  an  MIR-12  measuring  microscope  and  were  measured 
photometrically  under  standard  conditions  with  an  MF-4  recording  microphotometer.  Plotting  of  the  absorption 
spectra  was  carried  out  at  300,  200  and  80*K  (room  temperature,  the  temperature  of  a  mixture  of  excess  solid 
carbon  dioxide  in  acetone  and  the  boiling  point  of  nitrogen  at  atmospheric  pressure).  A  CUSO4  solution  was  used 
as  heat-filter  for  plots  at  300*K. 
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RESULTS  OF  MEASUREMENTS 

From  the  absorption-spectrum  plots  of  the  materials  studied  in  the  region  4000-8500  A, it  was  discovered 
that  the  electronic  bands  of  the  hydrated  Am’*"'"*'  ion  undergo  specific  peak  separation  in  tire  5030  and  8110  re¬ 
gions  and  in  addition  a  group  of  "lines"  was  discovered  that  are  not  observed  in  Am'*"’"*'  solutions  or  in  the  spectra 
of  solid  preparations  of  Am(OH)j  (Fig.  4).  Absorption  bands  were  not  found  in  the  5200-8000  A  region.  In  the 
present  work  .attention  was  mainly  concentrated  on  the  peak  separation  in  the  intense  electronic  band  at  5030  A 
and  on  the  group  of  "lines"  in  the  4500  A  region. 


Photomicrograms  of  the  absorption  spectra  of  the  compounds  indicated  in  the  region  4500-5200  A  at  80*K 
ate  shown  in  Figs.  5-8.  Figure  9  shows  photomicrograms  of  the  absorption  spectra  of  the  double  sulfate  of  ameri¬ 
cium  and  cesium  precipitated  at  a  ratio  of  Mcj+Z^Am 129.1,  at  300,  200  and  80“K. 

As  a  secondary  result  a  change  in  the  absorption  spectrum  of  the  ordinary  sulfate  Am2(SQ4)j'  5H2O  with 
time  was  noted,  which  is  probably  caused  by  disruption  of  the  crystal  lattice  by  a -irradiation  from  Am**\  Figiue 
10  shows  an  absorption-spectrum  photomicrogram  of  the  ordinary  americium  sulfate  Am2(S04)2*  5H2O  in  the 
4500  A  region,  recorded  15  days  after  preparation. 

Figure  11  shows  the  peak  separation  in  the  split  electronic  band  at  8110  A  for  K2Am2(S04>y  at  80*K. 

The  wavelengths  and  wave  numbers  of  the  absorption-band  maxima  are  shown  in  Table  5  for  all  the  com¬ 
pounds  examined,  at  80*K  in  the  4500-5200  A  region. 

In  Table  6  die  magnitudes  of  the  splitting  of  the  5030  A  electronic  bands  at  80*K  are  quoted  for  the  com¬ 
pounds  studied. 


DISCUSSION  OF  RESULTS 

The  data  of  Table  6  diow  that  the  absolute  magnimde  of  the  peak  separation  of  the  5030  A  electronic 
band  of  Am'*"'"*’  is  on  the  average  considerably  greater  than  that,  for  example,  of  neodymium  or  europium. 

The  increase  in  statistical  interaction  involved  in  the  greater  peak  separation  in  the  case  of  the  actinides 
is  possibly  connected  with  an  increase  of  the  effective  nuclear  charge  since  the  ionic  radii  of  lanthanides  and 
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TABLE  5 

Wavelengths  and  Wave  Numbers  of  the  Absorption -Band  Maxima  for  the  Americium  Com¬ 
pounds  Studied,  in  the  4500-5200  A  Region  at  SO'K 


*(A) 


»  (cm' 


Am2(S04)3  •  5H2O 


4550 

21978 

4568 

21891 

4600 

21751 

4623 

21631 

4633 

21584 

4649 

21510 

4681 

21363 

5030 

19880 

5060 

19741 

5101 

19602 

5112 

19562 

5130 

19491 

5144 

19440 

5163 

19369 

5185 

19286 

KAni(S04)2  •  2H2O 

4555 

21954 

4579 

21836 

4597 

21753 

4625 

21621 

4633 

21584 

4650 

21505 

4661 

21455 

5032 

19873 

5053 

19720 

5093 

19634 

5118 

19536 

5i:i8 

19463 

5149 

19419 

5173 

19331 

K3Am(S04);,  .  HaO 

4531 

22070 

4561 

21925 

4573 

21867 

4633 

21584 

4650 

21505 

4668 

21422 

4682 

21358 

4998 

20008 

5019 

19924 

5031 

19879 

5101 

19602 

5134 

19478 

5153 

19106 

5191 

19264 

KgAni2(S04)7 


4556 

21929 

4568 

21891 

4649 

21510 

4665 

21 4:16 

4995 

20018 

MA) 


''  (cm'^) 


503:1 


19FH7 


5006 

5081 

5101 

5126 

5149 

5171 

5181 


197  9 
19679 
19602 
19508 
19il9 

193:17 

19299 


I 


TlgAm2(S04)7 


4558 

21937 

4574 

21863 

4592 

21774 

4634 

21577 

4656 

21477 

5004 

19984 

5028 

19888 

5076 

19700 

5104 

19592 

5131 

i9489 

5151 

19414 

5177 

19316 

5190 

19269 

CsgAin2(  504)7 


4552 

21968 

4579 

21839 

4583 

21818 

4619 

21649 

4652 

217.32 

46f-6 

21340 

4707 

21245 

4972 

20112 

4985 

20060 

5028 

19888 

5064 

19747 

5091 

19642 

5099 

19611 

5131 

19489 

5162 

19.372 

5188 

19275 

5198 

192:18 

Am2(S04)3 


4519 

22129 

4529  • 

22080 

4541 

22021 

4.559 

219:15 

4578 

21844 

4.595 

21763 

4608 

21701 

46:50 

21598 

4648 

21515 

46.58 

21466 

4684 

21:147 

4692 

21311 

5024 

19904 

UA) 

'•(cm" 

50:2 

19873 

5051 

19798 

5075 

19704 

5086 

19662 

5099 

19612 

5il4 

19554 

51.30 

19493 

5149 

19421 

5162 

1 9:174 

5181 

19;i01 

518V 

19279 

5195 

19249 

KAni(  804)2 


4531 

22070 

4555 

21954 

4571 

21877 

4602 

21729 

4615 

21668 

4633 

21584 

4648 

21538 

4668 

2l6;i7 

4998 

20008 

5022 

19912 

5079 

19709 

5097 

19619 

5109 

19573 

5127 

19504 

5143 

19444 

5157 

19:i91 

5181 

19.301 

TIAm(S04)2  •  4H2O 


4552 

21966 

4566 

21901 

4603 

21724 

4637 

21563 

4651 

21.501 

5048 

19810 

5119 

19535 

5124 

19517 

5151 

19418 

5160 

19380 

CsAm(S04)2  •  4H2O 


4543 

22011 

4564 

21910 

4595 

21763 

4605 

21715 

4627 

21610 

46:i7 

21.565 

4647 

21732 

5049 

19805 

.5064 

19747 

5090 

19646 

51:10 

19493 

5151 

19418 

2660 


455?/  ^^4555/ 


TABLE  6 


Maximum  Peak  Separation  in  the  Split  Bands  at  5030  A  for 
Am^’*’’*^  at  80*K  in  Crystals  of  the  Compounds  Studied  (meas¬ 
ured  between  the  extremes  of  the  maxima) 


Compound 

Peak  separation  of  Am+++ 
band  at  50i0  A  (cm"^) 

Am2(S04)3  .  SHjO 

594 

Am2(S04)3 

655 

KAm(S04)o  •  2H2O 

542 

KAm(S04)2 

707 

K3Am(S04)3  •  H2O 

744 

K(,Am2(S04)7 

719 

TlArn(S04)2  •  4H2O 

430 

ftTlgAm2(S04)7 

715 

CaAm(S04)2  • 

387 

CsgAm2(S04)7 

843 

Fig.  7.  Absorption  spectra  of  americium  cotnpounds  at  80*K. 
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Fig.  8.  Absorption  spectra  of  anhydrous  americium  compounds  at  80*K. 


actinides  differ  vay  little  (the  radii  of  the  trivalent  ions  of  the  uranium -americium  series  exceed  the  corres¬ 
ponding  values  for  the  neodymium-europium  series  by  0.03-0.04  A)  and  also  with  the  fact  that  the  5/-electrons 
of  actinides,  spatially  and  energetically,  are  more  subject  to  extraneous  action  than  are  the  4/-electrons  of 
lanthanides. 

Comparison  of  the  data  of  Table  6  for  the  different  series  of  compounds  discloses  certain  relationships. 

The  maximum  peak  separation  in  the  split  bands  increases  on  dehydration  of  the  hydrated  crystals,  probably  as 
a  result  of  the  removal  of  water  from  the  near  neighborhood  of  the  absorbing  ion  and  strengthening  of  the  field 
of  the  504" ■  groups. 

The  increase  in  the  total  peak  separation  of  the  5030  A  band  in  the  RjAm2(S04)7  series  of  compounds  from 
potassium  and  thallium  to  cKium  might  be  connected  with  the  increasing  radius  of  the  monovalent  cation  (K^ 
1.33;  Tl'''  1.44;  Cs'*'  1.67  A)  which  suggests  a  maximal  interaction  (statistical  effect)  in  the  case  of  CsjAmj(S04)7. 
However,  as  is  seen  from  Fig.  7,  the  width  of  the  "lines,"  which  characterizes  the  dynamic  effect  of  interaction 
of  the  ion  with  the  lattice,  increases  toward  the  KiAmjfSQj)^  side.  Possibly  in  this  case  a  more  complex  form 
of  interaction  takes  place  leading  on  the  one  hand  to  greater  screening  of  the  ion  and  on  the  other  to  an  increase 
in  the  field  that  splits,  with  the  result  that  one  of  these  effects  increases  at  the  same  time  as  the  other  decreases. 

The  absorption  bands  of  compounds  of  the  composition  RgAm2(S04)7  in  the  crystalline  form  consists  of  four 
components  each  of  which  is  subdivided  into  two.  For  the  bands  at  8110  A  this  secondary  splitting  is  not  observed 
because  of  the  low  "dispersing  power"  of  the  apparatus  in  this  region.  A  similar  peak  separation  of  the  band  at 
5030  A  into  four  components,  as  has  already  been  stated,  was  noted  for  some  americium  compounds  [9, 11].  Such 
a  band  structure  allows  the  assumption  that  of  two  energy  levels  between  which  transfer  takes  place,  one  splits 
into  two  and  the  other  into  four  sub-levels.  As  a  result  of  transitions  between  these  components,  eight  separate 
frequencies  are  observed. 

From  the  increase  in  interaction  with  the  environment  observed  in  actinides,  as  exemplified  by  americium, 
the  appearance  of  more  intense  electronic-vibrational  "lines"  in  these  cases  would  be  expected. 

In  the  study  of  the  absorption  spectra  of  americium  compounds  in  the  crystalline  form,  rather  intense  groups 
of  lines,displaced  toward  the  shortwave  side  of  the  electronic  band  of  the  order  of  magnitude  of  1500-2000  cm  \ 
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of 


Fig.  9.  Peak  separation  of  the  band 

at  5030  A  for  Cs,Am2(S04)7  at  various  tem¬ 
peratures  CK):  1)  80*;  2)  200*;  3)  300“. 


Fig.  10.  Absorption  spectrum  of  Am2(SQ4)s‘ 
SHjO  at  80*K  in  the  4500 -A  region  15  days 
after  preparation. 


Fig.  11.  Peak  separation  of  the  Am'*"*’'''  band 
at  8110  A  for  K,Am2(S04)7  at  80“K. 

were  observed.  These  lines  are  most  sensitive  to  changes 
in  composition  of  the  compounds  and  they  repeat  in  part 
the  structure  of  the  electronic  band.  It  can  be  surmised 
that  these  lines  have  an  electronic -vibrational  origin. 
This  is  confirmed  also  by  the  fact  that  in  the  absorption 
spectrum  of  the  Am'*"*"'’  ion  in  solution  and  in  crystals 


Am(OH)3  (Fig.  4)  this  group  of  lines  is  absent,  because  the  interaction  in  these  cases  is  evidently  small. 


Calculation  has  shown  that  the  differences  between  the  frequencies  of  these  lines  and  the  frequency  of  the 
maximum  of  the  5030  A  electronic  band  do  not  coincide  with  the  frequencies  of  the  natural  vibration  of  the 
sulfate  ion  (990,  1125  and  1340  cm“^)  and  the  water  molecule  (1640  cm~^),  known  from  Raman  spectra  data. 

For  example,  the  following  constant  differences  were  found  for  compounds  of  the  RjAm2(SQ4)7  series; 


K,Am2(SO,),  { 

Tl8Araj(S04)7  { 

C:s8Am2(S04)7  / 


Ayi  2021,  2047  (mean 
Ay2  1502,  1571  (mean 
Ayi  2049,  2027  (mean 
Ays  1589,  1593  (mean 
Ayi  2042,  2080  (mean 
Ayj  1749,  1761  (mean 
Ays  1452,  1498  (mean 


2034  cm"^) 
1536  » 
2038  * 
1591  » 
2061  * 
1755  » 
1475  * 


The  noncoincidence  of  the  differences  cited  with  the  natural  frequencies  of  the  neighboring  anions  and 
water  molecules  is  evidently  connected  with  the  more  complex  nature  of  the  americium  ion  with  the  lattice, 
as  has  already  been  stated  above. 

The  chemical  individuality  of  all  the  compounds  studied  was  proved  conclusively  in  the  process  of  plotting 
the  absorption  spectra.  As  stated  above,  no  change  was  observed  in  the  nature  of  the  absorption  spectra  of  a 
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preparation  on  diluting  it  with  varying  quantities  of  potassium  sulfate.  This  fact  makes  it  possible  to  assert  that 
the  absorption  spectra  obtained  relate  to  individual  chemical  compounds  and  not  to  mixtures  of  ordinary  ameri¬ 
cium  sulfate  with  potassium,  thallium  and  cesium  sulfates. 

A  quite  definite  picture  of  the  peak  separation  of  the  5030  A  electronic  band  and  a  combination  of  lines 
at  4500  A  was  obtained  for  the  compound  of  each  composition. 

The  identification  of  a  preparation  precipitated  from  solution  at  one  molar  ratio  of  Mfj+/M^ju+++  or  an¬ 
other, was  carried  out  by  means  of  the  absorption  spectrum;  in  this  way,  the  phase  diagram  constructed  previously 
was  confirmed  and  made  more  accurate.  It  was  found  that  the  upper  limit  of  molar  ratios  for  K8Am(SQ4)j*  H2O 
lies  not  at  37.9  but  is  lower  than  this.  Preparations  obtained  at  ratios  of  36,  31,  26  and  24.5  gave  an  absorption 
spectrum  characteristic  of  K8Am2(SQ4)Y  and  at  ratios  of  15,  16.8  and  23.3  —  a  spectrum  characteristic  of  K8Am(SQ4)j- 
HjO.  A  new  limit  was  established  as  a  result  of  this,  lying  between  23.3  and  24.5. 

There  are  statements  in  the  literature  to  the  effect  that  similarity  between  absorption  spectra  of  crystals 
bears  witness  to  their  isomorphism  [10].  Actually,  similar  spectra  are  possible  only  where  there  are  similar  crys¬ 
talline  fields  which  can  occur  in  lattices  of  the  same  structure,  i.e.,  in  the  case  of  isomorphous  compounds. 

Comparison  of  the  absorption  spectra  of  the  compounds  TlAm(SQ4)2  •  4H2O  and  CsAm(S04)2  •  4H2O  enables 
their  isomorphism  to  be  assumed  with  confidence.  The  shape  of  the  spectra  in  the  case  of  compounds  of  the 
series  RjAm2(S04)7,of  which  the  double  sulfate  with  cesium  was  not  identified  chemically,  presents  the  possibility 
of  drawing  the  conclusion  that  they  are  Isomorphous  and  of  assigning  the  composition  Cs8Am2(S04)2  to  this  com¬ 
pound.  Furthermore,  the  existence  of  a  double  sulfate  of  the  same  composition  is  also  possible  in  tfie  case  of  ru¬ 
bidium,  the  ionic  radius  of  which  is  1.48  A,  close  to  the  ionic  radius  of  potassium,  thallium  and  cesium;  how¬ 
ever,  its  preparation  may  be  hindered  by  the  low  solubility  of  rubidium  sulfate. 

As  was  expected,  very  marked  changes  in  the  absorption  spectra  were  observed  on  calcining  the  compounds 
Am2(S04)8' 51^0  and  KAm(S04)2  •  2H2O.  This  demonstrates  the  presence  of  water  of  crystallization  in  them, 
which  evidently  enters  into  the  near  neighborhood  of  the  americium  ion. 

The  broadening  of  the  lines  with  temperature  rise  on  Fig.  9  is  related  to  the  growth  of  oscillations  in  the 
crystal  lattice. 


SUMMARY 

1.  A  number  of  americium  compounds  have  been  identified. 

2.  Phase  diagrams  have  been  drawn  for  the  system  I?2S04— Am2(S04)3— 1^0  (R  =  K,  T1  or  Rb). 

3.  The  peak  separation  of  the  electronic  band  of  Am'*’’*"''  at  5030  A,  in  crystals  of  the  compounds  studied, 
has  been  examined. 

4.  A  group  of  electronic-vibrational  "lines"  in  the  4500  A  region,  that  ate  not  observed  in  solutions  and 
are  very  sensitive  to  changes  in  composition  of  the  compound,  have  been  identified. 

5.  The  effect  of  temperature  and  the  presence  of  water  of  crystallization  on  the  nature  of  the  peak  separa¬ 
tion  of  the  electronic  band  of  Am"'"'"'’  at  5030  A  and  on  the  combination  of  electronic -vibrational  "lines"  in  the 
4500  A  region,  has  been  examined. 

6.  The  electrons  of  the  5/-shell  interact  more  strongly  with  the  field  of  the  crystal  lattice  than  do  the 
electrons  of  the  4/-shell.  This  phenomenon  could  be  used  successfully  in  studying  the  interior  structure  of 
crystals. 

The  authcffs  express  their  thanks  to  L.V.  Lipis  for  valuable  comments  expressed  during  discussion  of  this 

work. 
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HYDROGEN  EXCHANGE  IN  PHENOLS, 

ITS  ETHERS  AND  AROMATIC  AMINES  WITH  LIQUID  DBr 


A.  I.  Sha  tenshtein ,  A.V.  Vedeneev  and  P.P.  Alikhanov 


The  basic  mechanism  of  deutero-exchange  in  aromatic  hydrocarbons  dissolved  in  liquid  DBr  has  been  es¬ 
tablished  earlier  [1, 2].  In  this  communication, results  are  lepcarted  from  a  study  of  hydrogen  exchange  with  liquid 
DBr  in  aromatic  compounds  with  substituents  containing  a  hydrogen  or  nitrogen  atom.* 

The  free  electron  pairs  of  the  hydrogen  or  nitrogen  atom  of  the  substituent  interact  with  the  7r-electrons  of 
the  aromatic  ring  as  a  result  of  which  the  electron  density  of  the  ortho  and  para  atoms  of  the  hydrocarbon  is  in¬ 
creased  (ir-conjugatlon,  p-effect,  see  [4]).  The  addition  of  a  proton  (deuteron)  to  the  electron  pair  of  the  nitro¬ 
gen  or  hydrogen  atom  can  bring  about  their  transition  to  the  four-  or  three-valent  positively  charged  ions,  re¬ 
spectively.  These  characteristics  of  the  compounds  mentioned  determine  the  specific  nature  of  their  deutero- 
exchange  with  acids. 

Hydrogen  exchange  in  the  compounds  in  which  we  ate  interested  (with  the  exception  of  CeHsOCeHs)  has 
been  studied  by  a  number  of  authors,  but  under  conditions  differing  from  ours.  Small  and  Wolfenden  [5]  found 
that  on  heating  phenol  with  DjO  at  100*  ;5low  exchange  of  hydrogen  in  the  ring  takes  place.  Acids  accelerate 
the  exchange  considerably.  Ingold  and  co-wotkers[6]  and  Koizumi  [7]  showed  that  the  exchange  is  of  the  elec- 
tro{rfiilic  substitution  type.  The  ortho  and  para  hydrogen  atoms  take  part  in  the  exchange  [8].  These  same  hy¬ 
drogen  atoms  rapidly  undergo  exchange  wiA  gaseous  DCl  [9].  A.J.  Brodskii,  G.P.  Miklukhin  and  their  collaborators 
[10]  studied  the  bimolecular  reaction  between  hydroxy  groups  and  the  phenolic  nucleus. 

Deutero-exchange  in  anisole  proceeds  slowly  with  aqueous  DCl  but  more  rapidly  with  D2SO4  [6]  and  with 
glacial  acetic  acid  (on  catalysis  with  sulfuric  acid)  [11].  Exchange  of  three  H  atoms  of  the  nucleus  was  achieved. 
Exchange  of  the  ortho  and  para  H  atoms  of  the  dimethylamine  and  aniline  nuclei  with  aqueous  DCl  and  D2SQ4 
proceeds  more  rapidly  than  is  the  case  with  phenol  [6,  8]. 

Kharasch  and  Brown  [12]  found  that  the  ortho  and  para  H  atoms  of  tripheny famine,  dlphenylamine  and  di- 
methylaniline  exchange  with  C2H5OD  on  catalysis  with  D2SO4  at  100“  for  100  hours. 

EXPERIMENTAL 

The  apparatus  for  the  preparation  of  liquid  DBr  and  the  method  of  carrying  out  deutero-exchange  experi¬ 
ments  has  been  described  previously  [13].  The  exchange  experiments  were  carried  out  usually  at  20-25*.  The 
number  of  hydrogen  atoms  "n"  in  aromatic  compounds  that  are  exchanged  for  deuterium,  with  concentrations  of 
deuterium  in  HBr  of  less  than  5  atoms  ‘^fc.was  calculated  according  to  Equation  (10)  (see  [14]),  and  with  concen¬ 
trations  >  80  atoms  %  -  according  to  the  equation  n  =  Cv^N/c®  (1),  where:  c  is  the  concentration  of  D  in  atoms 
in  the  water  of  combustion  of  the  materials  and  c®  —  in  the  hydrogen  bromide,  and  N  is  the  number  of  hydrogen 
atoms  in  the  compound.  Experiments  on  the  reverse  exchange  were  worked  out  according  to  Equation  (11)  (see 
[14]).  c  was  determined  by  means  of  a  spot  method  with  an  accuracy  of  up  to  0.02-0.05  atoms  In  the  case 
of  high  D  concentrations  the  water  from  the  combustion  of  the  compounds  was  diluted  by  wei^t  with  water  of 
normal  isotopic  composition.  All  the  compounds  studied  were  carefully  purified  and  dried  before  carrying  out 
the  experiments.  The  weight  of  substance  taken  was  usually  0.2-1. 0  g  and  of  solvent,  15-20  g. 

•Results  of  papers  presented  at  the  All-Union  Conference  on  the  Use  of  Isotopes  [3].  The  investigation  of  phenol 
and  its  ethers  was  part  of  the  dissertation  of  A.V.  Vedeneev  Karpov(Phys. -Chem.  Inst.  (1955)). 
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Compounds.  Phenol,  "Pure  for  Analysis,"  was  twice  redistilled  in  vacuo  in  a  current  of  dry  nitrogen.  The 
second  distillation  was  carried  out  over  anhydrous  CuS04;  m.p.  40.5-41*.  Anisole,  "pure,"  was  fractionated  in 
vacuo  and  dried  over  metallic  sodium;  b.p.  153.5*,  n*®D  1.5170.  Dimethylaniline  was  steam -distilled,  solidified 
by  cooling,  dried  over  metallic  sodium  and  redistilled  in  vacuo,  b.p.  192.5*,  n^®D  1.5583.  Di|iienylamine  and 
triphenylamine  were  distilled  in  vacuo.  Their  melting  points  were  53.5  and  125.5*,  respectively. 

All  tlte  compounds  are  readily  soluble  in  DBr,  form  colorless  solutions  and  can  be  isolated  unchanged  from 
solution.  The  latter  was  shown  by  determination  of  the  constants  after  exchange  experiments.  The  phenol  solu¬ 
tion  after  24  hours  acquired  a  crimson,  then  violet, color.  The  anisole  solution  also  behaved  in  the  same  way  af¬ 
ter  17  hours.  On  prolonging  the  experiments  with  phenol  the  quantity  isolated  was  reduced.  In  experiments  last¬ 
ing  more  than  150  hours  phenol  could  not  be  isolated.  Anisole  was  even  less  stable.  After  17  hours  the  anisole 
had  been  converted  to  phenol.  The  reaction  evidently  proceeds  according  to  the  equation  CgHsOCHj  +  HBr  -♦ 

-v  CgHsOH  +  CH3Br.  Phenol  was  identified  by  conversion  to  tribromophenol. 

In  order  to  terminate  the  deutero-exchange  reaction  the  sealed  glass  tubes  were  plunged  into  liquid  air. 

After  this  the  DBr  was  evaporated  off.  The  residue  was  extracted  with  ether.  In  the  cases  of  dimethylamine  and 
diphenylamine,  which  form  the  corresponding  hydrobromides,  aqueous  alkaU  was  added  beforehand.  The  ethereal 
extracts  were  next  dried  over  potassium  carbonate  (phenol,  diphenylamine,  dimethylaniline)  and  the  ether  was 
distilled  off.  In  experiments  with  diphenylamine,  in  order  to  liberate  deuterium  in  the  NH  group,  the  ethereal 
extract  was  extracted  several  times  with  water  of  the  normal  isotopic  composition.  After  evaporation  of  the  ether 
the  materials  were  twice  redistilled  in  vacuo  (anisole,  diphenyl  ether  and  dimethylaniline  over  metallic  sodium). 
After  this  treatment  the  constants  of  the  materials  showed  no  further  change. 

Already  the  first  experiments  with  phenol,  anisole,  diphenyl  ether  and  triphenylamine  showed  that  hydrogen 
exchange  with  DBr  proceeds  very  rapidly.  Hence  the  exchange  reaction  equilibrium  could  be  set  up  during  the 
time  of  evaporation  of  the  DBr,  i.e.,  at  a  temperature  of  approximately  —60®  [14].  The  values  of  the  distribution 
coefficients  which  are  necessary  for  the  calculation  of  the  number  of  hydrogen  atoms  exchanged,  according  to 
Equation  (10)  (see  [14]), are  known  only  approximately  (a  ~  5)  [15].  Consequently,  the  exchange  experiments 
with  CgHsOH,  C6H5OCH3,  (C6H5)20  and  (C6H5)3N  had  to  be  conducted  with  DBr  containing  80-100  atoms  ‘J'oof  D. 

In  these  circumstances  n  could  be  calculated  approximately  by  Equation  (1). 

In  the  tables  given  below  the  following  designations  are  used:  T  is  the  duration  of  experiment:  t*  is  the 
temperature;  m^  is  the  number  of  moles  of  compound;  mg  is  the  number  of  moles  of  solvent;  is  the 

number  of  moles  of  AlBrg  catalyst;  c^  is  the  concentration  of  deuterium  in  the  solvent  at  the  beginning  of  the 
experiment,  in  atoms  ^  Cyf  is  the  concentration  of  dueterium  in  the  water  of  combustion  of  the  compound  at 
the  end  of  the  experiment;  n  is  the  number  of  atoms  of  deuterium  (protium)  exchanged:  k  is  the  rate  constant 
of  the  hydrogen-exchange  reaction,  calculated  according  to  the  first-order  reaction  equation. 

Hydrogen  exchange  in  phenol  (Table  1).  Four  of  the  hydrogen  atoms  in  phenol  are  exchanged  for  deu¬ 
terium  very  rapidly.  One  of  these  is  that  of  tlie  hydroxyl  group  and  three  deuterium  atoms  become  attached  to 
the  ortho  and  para  positions  of  the  nucleus.  This  was  verified  by  two  methods.  First  the  phenol  after  deuteriza- 
tion  was  brominated  to  2,4, 6 -tribromophenol  and  the  deuterium  was  removed  from  the  hydroxyl  group  by  wash¬ 
ing  with  water  of  the  normal  isotopic  composition.  The  water  obtained  from  combustion  of  the  tribromophenol 
was  almost  free  of  deuterium.  Second,  by  heating  phenol  with  heavy  water  in  the  presence  of  alkali,  2,4,6-tri- 
deuterophenol  [6]  was  obtained.  The  reverse  exchange  of  these  materials  with  HBr  was  then  carried  out. 

As  is  seen  from  Table  2,  only  a  small  quantity  of  deuterium  [CY^(calc)5  teniained  in  the  phenol  after  this, 
the  amount  of  deuterium  corresponding  to  the  ratio  of  the  compound  and  solvent  allowing  for  the  coefficient  of 
distribution  of  deuterium  a  between  the  bonds  C— H  and  H-Br.* 

Hydrogen  exchange  in  anisole  (Table  1).  The  three  hydrogen  atoms  in  the  ortho  and  para  positions  in  the 
nucleus  exchange  very  rapidly.  This  was  shown  in  the  following  way.  2,4,6-Trideuterophenol,  prepared  as  de¬ 
scribed  above,  was  methylated  with  dimethylsulfate.  The  2,4,6-trideuteroanisole  was  then  treated  with  liquid 
HBr.  The  results  (Table  2)  indicate  that  the  ortho  and  para  atoms  undergo  exchange. 


•As  is  seen  from  Table  1,  in  all  experiments  with  phenol  for  exchange  of  H  in  the  nucleus  a  value  of  n  <  3  was 
obtained.  The  reason  for  this  is  not  clear  to  us. 
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TABLE  1 

Isotopic  Hydrogen  Exchange  in  Phenol,  Anisole  and  Diphenyl  Ether 


0 

""AlBr, 

Expt.  No. 

r  j 

t° 

's 

®w 

n 

mw 

Phenol 


1 

10 

min 

Room 

91.0 

53.0 

3.5 

2 

30 

» 

25 

91.0 

55.1 

3.6 

3 

3 

hours 

25 

91.0 

53.1 

3.5 

4 

27 

» 

Room 

91.0 

55.0 

3.6 

5 

72 

» 

» 

88.8 

37.3 

2.5  • 

6 

150 

» 

» 

88.8 

39.0 

2.6  • 

Anisole 


7 

5 

min 

Room 

93.7 

32.9 

2.8 

8 

10 

» 

» 

90.9 

35.1 

3.1 

9 

30 

» 

25 

90.9 

33.8 

3.0 

10 

3 

hours 

25 

93.7 

33.9 

2.9 

11 

6 

» 

25 

93.7 

31.2 

2.7 

12 

5 

min 

Room 

83.5 

42.0 

4.0 

13 

30 

» 

25 

93.7 

43.6 

3.7 

Diphenyl  ether 


14 

10 

» 

Room 

90.9 

55.0 

6.0 

15 

3 

hours 

25 

90.9 

55.0 

6.0 

16 

24 

» 

Room 

88.8 

54.3 

6.1 

17 

26 

» 

» 

90.9 

55.9 

6.1 

18 

150 

» 

» 

88.8 

51.8 

5.8 

19 

313 

» 

» 

93.7 

57.3 

6.1 

20 

1 

» 

25 

100 

83.4 

8.3 

21 

1 

» 

25 

100 

90.9 

9.0 

22 

3 

» 

25 

100 

9.5.4 

9.5 

•Deuterium  was  washed  out  from  the  hydroxyl  with  water  of  normal  isotopic  composition. 


Experiments  were  set  up  to  examine  the  effect  of  addition  of  AlBr3  on  the  rate  of  hydrogen  exchange.  As 
is  known,  AlBrj  markedly  increases  the  acidity  of  solutions  in  liquid  DBr,  As  is  seen  from  the  data  of  Table  1 
(experiments  12  and  13),  the  presence  of  AlBr3  brings  about  additional  exchange  beyond  three  atoms  (evidently, 
in  the  meta  position).  Unfortunately,  after  only  one  hour  in  the  presence  of  AlBr3  anisole  undergoes  irreversible 
changes  and  its  isolation  is  impossible  (in  an  analogous  experiment  with  phenol  the  latter  could  not  be  isolated 
after  being  acted  upon  by  AlBr3  for  only  five  minutes). 

Hydrogen  exchange  in  diphenyl  ether  (Table  1).  Six  hydrogen  atoms  exchange  very  rapidly.  It  is  natural 
to  assume  that  these  are  die  ortho  and  para  hydrogen  atoms.  In  order  to  verify  this  assumption, decadeuterodi- 
phenyl  ether  was  prepared  by  exhaustive  deuterization  of  diphenyl  ether  in  a  solution  of  potassium  amide  in  ND8. 
On  carrying  oiit  the  reverse  exchange  of  decadeuterodiphenyl  ether  with  liquid  HBr  (Table  2)  in  ether,  only  an 
amount  of  deuterium  corresponding  to  four  deuterium  atoms  were  left,  remaining  in  the  meta  positions  in  the 
nucleus.  It  was  not  possible  to  exchange  more  than  six  atoms  with  liquid  DBr  even  in  experiments  lasting  300 
hours.  However,  increasing  the  acidity  of  the  solution  by  addition  of  AlBr3  resulted  in  all  ten  hydrogen  atoms 
being  exchanged  in  only  three  hours.  Therefore,  the  meta  atoms  also  took  part  in  the  exchange. 

Hydrogen  exchange  in  triphenylamine,  diphenylamine  and  dimethylaniline  (Table  3).  In  uiphenylamine 
nine  hydrogen  atoms  undergo  exchange  in  five  minutes.  Further  exchange  was  not  observed  even  after  200  hours. 
On  addition  of  AlBr3  the  rate  of  hydrogen  exchange  is  markedly  reduced  (Table  3,  experiments  5-7).  During 
five  minutes,  instead  of  nine  hydrogen  atoms,  less  than  one  is  exchanged. 

Hydrogen  exchange  proceeds  considerably  more  slowly  in  diphenylamine  than  in  triphenylamine.  The  ex¬ 
change  of  six  hydrogen  atoms  could  be  effected  only  after  1000  hours.  The  addition  of  AlBr3  gave  no  marked 
effect  on  the  rate  of  hydrogen  exchange  (experiment  9). 
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TABLE  2 


Experiments  on  Reverse  Exchange  With  Liquid  HBr  at  25“ 


Expt.  No. 

T(rain) 

B 

0 

‘^w 

Cw 

'■w(calc) 

2,4,6-D-phenoi 

1 

5 

50 

3.23 

1.04 

0.7 

2 

5 

48 

3.23 

1.22 

0.8 

3 

ao 

32 

3.23 

1.14 

0.9 

2,4,6-D-anisole 

5 

80 

2.27 

0.55 

0.55 

5 

5 

59 

2.27 

0.65 

0.63 

6 

30 

38 

2.27 

0.77 

0.77 

Decadeuterophenyl  ether 

7 

10 

150 

8.84 

4.32 

4.64 

8 

10 

230 

8.84 

4.15 

4.24 

*Cw(calc)  is  the  calculated  concentration  of  deuterium  in  the  water  from 
the  combustion  of  the  substances  after  the  experiment.  The  number  of 
exchangeable  atoms  for  phenol  and  anisole  was  taken  as  3,  for  diphenyl 
ether  as  6,  and  the  distribution  coefficient  a,  as  5. 


Hydrogen  exchange  in  dimethylaniline  was  practically  absent  even  in  experiments  lasting  more  than  1100 
hours.  The  presence  of  AlBr3  had  no  effect  on  the  rate  of  deutero-exchange  (experiment  17). 

DISCUSSION  OF  RESULTS 

In  phenol  and  its  ethers  .deutero-exchange  proceeds  in  a  similar  manner.  The  ortho  and  para  hydrogen 
atoms  of  the  nucleus  exchange  very  rapidly  but  further  exchange  was  not  observed  even  over  a  long  period  of 
time.  Such  a  rapid  exchange  of  the  nuclear  hydrogen  atoms  is  evidently  explained  by  the  incteased  electron 
density  in  the  ortho  and  para  positions  as  a  result  of  the  ir-conjugation  p-effect.  According  to  A.N.  Nesmeianov's 
terminology  [4],  transference  of  the  reaction  center  from  the  hydrogen  atom  to  a  ring  carbon  atom  in  the  ortho 
or  para  position  takes  place.  How  strongly  the  exchange  reaction  is  accelerated  as  a  result  of  the  ir-conjugation 
p-effect  is  seen  by  comparison  of  the  rates  of  hydrogen  exchange  of  phenol,  anisole  and  diphenyl  ether  with  the 
corresponding  hydrocarbons.  In  benzene  the  exchange  proceeds  extremely  slowly  (k20"  =  5- 10"*  sec"  [1]);  in  tolu¬ 
ene  and  diphenyL  exchange  of  the  para  and  ortho  atoms  proceeds  much  more  rapidly  (k25®  =  10"*-10"*  sec”^)  [1,2]. 

How  much  the  rate  of  hydrogen  exchange  depends  on  the  acidity  of  the  deuterizing  agent  is  seen  from  the 
fact  that  on  heating  phenol  for  400  hours  at  100“  only  two  nuclear  hydrogen  atoms  are  exchanged  [5]  and  anisole 
does  not  take  part  in  an  exchange  reaction  with  heavy  water. 

Hydrogen  exchange  in  aromatic  amines  with  liquid  DBr,  in  contrast  to  phenol  and  its  ethers,  proceeds  quite 
differently.  In  triphenylamine  nine  atoms  exchange  extremely  rapidly.  While  in  dimethylaniline  deutero-ex¬ 
change  did  not  occur  even  in  experiments  carried  on  for  more  than  1100  hours.  Diphenylamine,  in  which  six 
hydrogen- ex  change  atoms  are  exchanged  very  slowly,  occupies  an  intermediate  position. 

According  to  Karasch  [12]  all  three  of  the  above-mentioned  amines  exchange  the  ortho  and  para  nuclear 
hydrogen  atoms  in  C2H5OD  on  catalysis  with  D2SO4  (at  100“  and  an  acid  concentration  of  0.6  N). 

The  different  behavior  of  the  aromatic  amines  in  hydrogen  exchange  must  be  ascribed  to  their  dissimilar 
basicities.  As  is  known,  the  basicity  falls  in  the  order:  dimethylaniline  >  diphenylamine  >  triphenylamine. 
Whereas  dimethylamine  forms  a  very  stable  salt  with  DBr,  triphenylamine  does  not  give  a  salt  with  DBr.  Di¬ 
phenylamine  is  intermediate  between  the  two. 
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Isotopic  Exchange  in  Triphenylamine,  Diphenylamine  and  Dimethylaniline 


Expt. 

AlHri 

Ci.r 

No. 

w 

rriphenylamint 

1 

5  min 

Room  1 

83.5  1 

48.8 

8.8 

2 

2  hours 

25 

88.8 

51.2 

8.7 

3 

2  » 

25 

83.9 

47.5 

8.5 

4 

200  » 

Room 

93.7 

52.5 

8.4 

5 

5  min 

» 

1.2 

93.7 

3.1 

0.5 

6 

5  * 

1.0 

—100 

2.6 

0.4 

7 

5  » 

0.4 

—100 

27.4 

4.1 

Diphenylamine 


8 

1  hours 

25 

100 

5.4 

0.2 

9 

1  » 

25 

140 

0.5 

5.4 

0.2 

10 

2  * 

25 

90 

88.8 

2.6 

11 

24  » 

Room 

140 

9.0 

2.0 

12 

97  » 

» 

140 

9.0 

6.6 

13 

120  * 

» 

74 

4.4 

4.0 

14 

696  » 

59 

4.4 

4.7 

15 

1152  » 

» 

110 

4.4 

.5.3 

Dimethylaniline 


16 

1  hours 

25 

50 

5.4 

0.1 

17 

1  * 

25 

51 

0.3 

5.4 

0.1 

18 

696  * 

Room 

91 

4.4 

0.1 

19 

11.52  » 

» 

97 

4.4 

0.1 

20 

1152  » 

63 

4.4 

0.02 

0.1 

0.1 

0.3 

1.1 

3.9 

5.2 

5.6 

6.0 


~0 

~0 

~0 

~0 

~0 


On  dissolving  dimethylaniline  in  liquid  DBr  a  deuteron  adds  on  to  the  free  electron  pair  of  the  nitrogen 
atom  which  becomes  tetra valent. 

The  conjugation  of  the  p-electrons  with  the  ir-electrons  of  the  nucleus  is  disrupted  and  the  ortho  and  para 
carbon  atoms  cease  to  be  negatively  charged.  Consequently,  a  deuteron  cannot  add  on  to  them,  which  is  the 
necessary  condition  for  hydrogen  exchange  in  an  acid  medium.  The  failure  of  dimethylaniline  to  undergo  ex¬ 
change  is  possibly  explained  also  by  the  fact  that  this  substance  forms  a  positively  charged  ion,  the  addition  of 
a  deuteron  to  which  is  hindered. 

In  triphenylamine,  where  no  salt  is  formed,  on  the  other  hand  the  jr-conjugation  p-effect  is  fully  mani¬ 
fested  and  exchange  with  the  strongly  acidic  DBr  takes  place  rapidly.  Although  diphenylamine  forms  a  salt  with 
the  acid  the  ir -conjugation  p-effect  is  nevertheless  appreciable,  inasmuch  as  slow  deutero-exchange  of  the  ortho 
and  para  hydrogen  atoms  takes  place.  This  result  confirms  that  acid -base  interaction  does  not  certainly  lead  to 
complete  transfer  of  a  proton  (deuteron)  of  the  acid  to  the  base  [16]. 

It  was  of  interest  to  examine  whether  it  is  possible,  by  still  further  increasing  the  acidity  of  the  solution, 
to  eliminate  die  action  of  the  ir-conjugation  p-effect,as  occurs  in  the  case  of  dimethylaniline.  It  was  found  that 
AlBt)  markedly  retards  the  rate  of  hydrogen  exchange  in  trij^enylamine.  On  addition  of  the  stoichiometric  quan 
tity  of  AlBrj  to  triphenylamine,in  five  minutes  less  than  one  hydrogen  atom  undergoes  exchange  instead  of  nine. 
Evidently,  addition  of  AlBr3  increases  the  acidity  of  the  medium  to  such  an  extent  that  a  deuteron  is  added  on  to 
the  free  pair  of  p-electrons  of  the  nitrogen  atom  with  formation  of  the  salt  (C6H6)3ND‘'’AlBr4".  It  is  possible, also, 
that  AlBri  coordinates  with  the  nitrogen  atom.  A.V.  Topchiev  [17]  found  that  the  addition  of  BF3  to  the  nitrogen 
atom  of  aniline  in  nitration  of  the  latter,  sharply  reduces  the  yield  of  the  ortho  and  para  isomers.  As  is  seen 
from  the  data  of  Table  3  (experiment  7),  if  AlBr3  is  added  in  a  quantity  less  than  equimolecular  the  rate  of  ex¬ 
change  is  higher.  This  result  is  quite  understandable  inasmuch  as  only  a  part  of  the  triphenylamine  molecule 
forms  a  salt  (or  coordinates  with  AlBr3). 


Addition  of  AlBr3  to  diphenyl  ether  and  anisole  not  only  does  not  decrease,  but  on  the  other  hand  increases 
the  rate  of  hydrogen  exchange.  This  indicates  that  neither  formation  of  the  corresponding  oxonium  salt  nor  co¬ 
ordination  of  AlBrj  with  a  hydrogen  atom  takes'place. 

The  different  behavior  with  respect  to  hydrogen  exchange  of  phenol  and  its  ethers  on  the  one  hand  and  aro¬ 
matic  amines  on  the  other  is  explained  by  the  dissimilar  coordinating  power  and  different  affinity  for  a  proton 
of  the  hydrogen  and  nitrogen  atoms.  It  is  sufficient  to  recall  only  that  in  aqueous  solution  phenol  is  a  weak  acid 
and  aniline  reacts  as  a  weak  base. 


SUMMARY 

1.  Hydrogen  exchange  in  phenol  and  its  ethers  (C3H6OCH3,  CsHsOCgHs)  and  In  aromatic  amines 
(C3H6N(CH3)2,  (C3H6)2NH,  (C6H5)3N)  With  liquid  DBr  and  also  with  DBr  +  AlBr3  at  25’  has  been  studied. 

2.  In  all  the  compounds  of  the  first  group  the  ortho  and  para  hydrogen  atoms  exchange  instantaneously,  but 
In  the  second  group  of  compounds  rapid  exchange  is  observed  only  in  (C8H6)3N,  whereas  in  (C3H5)2NH  exchange 
of  the  atoms  mentioned  proceeds  very  slowly,  and  in  C3H5N(CH3)2  it  is  not  observed  even  after  1000  hours.  AlBr3 
brings  about  exchange  of  the  meta  atoms  in  the  phenyl  ethers  and  retards  the  exchange  reaction  rate  in  (C3H3)3N. 

3.  The  specific  nature  of  deutero- exchange  in  aromatic  compounds  with  substituents  containing  hydrogen 
or  nitrogen  atoms  is  explained  by  the  tt -conjugation  p-effect.  The  difference  in  behavior  with  respect  to  hydro¬ 
gen  exchange  with  liquid  D&  and  DBr  +  AlBr3  of  substances  containing  hydrogen  and  nitrogen  is  connected  with 
their  dissimilar  affinities  for  a  proton  and  the  difference  in  coordinating  power  of  the  hydrogen  and  nitrogen  atoms. 
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HYDROGEN  EXCHANGE  OF  PHENOL  AND  ITS  ETHERS 
WITH  SOLUTIONS  OF  POTASSAMIDE  IN  LIQUID  D  EU  TERO  A  M  MON  I A 

A. I.  Shatenshtein  and  A.V.  Vedeneev 


In  a  previous  communication  [1]  it  was  shown  tfiat  the  hydrogen-exchange  capacity  of  phenol  and  its  ethers 
and  aromatic  amines  with  liquid  DBr  is  explained  by  the  effect  of  p,ir-conjugation  and  these  reactions  are  af¬ 
fected  by  the  different  proton  affinities  and  coordinating  capacities  of  the  oxygen  and  nitrogen  atoms  of  the  sub- 
stiments  in  these  comptounds. 

In  this  report  we  describe  results  obtained  in  studying  the  hydrogen  exchange  of  phenol  and  its  ethers  with 
solutions  of  KND2  in  liquid  NDj.  They  supplement  our  ideas  on  the  mumal  effect  of  the  atoms  in  molecules  of 
the  given  substances  and  lead  to  certain  conclusions  on  the  mechanism  of  hydrogen  exchange.* 

EXPERIMENTAL 

The  procedure  was  described  previously  [2].  Particular  attention  was  paid  to  drying  the  apparatus,  the 
starting  materials  and  the  solvents  since  potassamide  reacts  readily  with  moisture.  The  operations  connected 
with  taking  samples  were  either  performed  in  a  special  "dry"  box  or  in  a  stream  of  dry  nitrogen.  The  samples 
of  material  were  usually  0.2-0.5  g  and  of  solvent,  3-5  g.  At  temperatures  up  to  40",  the  experiments  were  per¬ 
formed  in  glass  ampoules  and  at  higher  temperatures,  in  stainless-steel  ampoules.  The  preparations  of  phenol, 
anisole  and  diphenyl  ether  were  the  same  as  in  the  work  with  liquid  DBr  [1].  n,  the  number  of  hydrogen  atoms 
exchanged  for  deuterium,  was  calculated  by  the  formula 


_ _ ^wj! _ 

^  •  H  •  Hq  •  ’ 

’  ^w  Hj  • 

where:  (\^and  Cj  are  the  D  concentrations  in  at.^oin  water  from  combustion  of  the  substance  and  the  solvent 
before  the  experiment;  a  is  the  distribution  coefficient  of  deuterium  between  the  N-H  and  C— H  bonds  and 
equals  0.92  [3];  H  is  the  number  of  hydrogen  atoms  in  the  substance;  Hj  is  the  number  of  exchangeable  hydro¬ 
gen  atoms  in  the  substance;  Hj  is  the  number  of  exchangeable  hydrogen  atoms  in  the  solvent;  nj  is  the  number 
of  hydrogen  atoms  in  the  substance,  exchanged  up  to  the  given  moment  of  time,  calculated  by  the  formula 
cw  *  H 

Of  =  ■  ■;  my^  is  the  number  of  moles  of  substance  and  mp  the  number  of  moles  of  solvent. 

The  rate  constants  of  hydrogen  exchange  were  calculated  from  a  first-order  equation. 

Hydrogen  exchange  in  phenol.  In  the  first  apjKoximation,  we  neglected  the  ammonolysis  of  pxjtassium 
phenolate.  formed  by  reaction  with  KND2,  and  considered  that  the  solution  of  the  phenol  consumed  an  equivalent 
amount  of  amide.  At  the  end  of  the  deuterium-exchange  experiment,  the  reaction  mixture  was  poured  into  di¬ 
lute  FKl  solution.  The  phenol  was  extracted  with  ether,  the  ether  solution  dried  with  baked  Na2S04  and  the 
phenol  vacuum  distilled  twice.  After  the  experiments  the  phenol  had  m.p.  40.5-41*.  The  results  of  the  experi- 


•The  results  were  presented  at  the  conference  on  the  use  of  isotopes, in  April  1957.  They  are  from  the  disserta¬ 
tion  of  A.V.  Vedeneev  [Karpov  Phys.  Chem.  Inst.  (1955)]. 
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ments  are  shovm  by  the  data  in  Table  1.  The  symbols  used  in  the 
tables  are  the  same  as  in  the  previous  communication  [1]; 
is  the  concentration  of  potassamide  in  the  solution  (N)  and  c^  the 
concentration  of  D  in  at.  ‘H'o  in  water  from  combustion  of  tribromo- 
phenol. 

The  fact  that  hydrogen  exchange  in  the  phenolate  ion  pro¬ 
ceeds  very  slowly  attracts  attention.  Heating  for  200  hours  at  120* 
was  required  to  exchange  all  the  hydrogen  atoms.  This  is  explained 
by  the  fact  that  the  ring  of  the  phenolate  ion  is  negatively  charged 
and  the  approach  of  the  ND2’  ion  (a  condition  of  exchange)  is  hin¬ 
dered.  If  the  effect  of  p.tr -conjugation  played  a  determining  role 
in  the  exchange  of  the  phenolate  ion  with  a  solution  of  KND2  in  ND|, 
then  the  first  hydrogens  to  exchange  should  be  those  in  the  meta- 
positions,  i.e.,  the  positions  with  the  lowest  electron  density.  To 
test  this  hypothesis,  experiments  5,  6  and  8  (Tdble  1)  were  stopped 
when,  on  a  statistical  average,  about  1  hydrogen  atom  had  exchanged. 
The  phenolate  was  converted  into  phenol  and  the  latter  into  2,4,6- 
tribromophenol.  If  the  meta  H  atoms  were  to  be  first  to  exchange,  then  the  concentration  (c^)  from  combustion 
of  the  trlbromophenol  would  be  higher  than  that  (c^)  from  combustion  of  tiie  phenoL  If  the  ortho  and  para  H 
atoms  were  to  exchange,  then  =  0. 

As  the  data  in  Table  1  show  (last  column),  c^  <  c^.  This  may  be  interpreted  as  meaning  that  all  the  H 
atoms  in  C4H5O”  exchange  with  approximately  the  same  probability.  Evidently,  under  the  action  of  a  very  strong 
base,  the  differences  in  "acidity"  of  the  hydrogen  atoms  of  the  aromatic  ring  are  leveled  out,  as  usually  occurs 
with  acids  that  are  dissolved  in  protophilic  solvents  [4]. 

A  comparison  of  the  rate  of  H-atom  exchange  in  the  phenolate  ion  and  benzene  showed  that  at  cknDj  “ 

=  0.4  N,  kso*  =  5*  10"*  and  8*  10"*,  respectively  (calculated  data  from  [5]),  i.e.,  the  reaction  of  the  phenolate 
ion  is  three  orders  slower. 


TABLE  1 

Hydrogen  Exchange  in  Phenol:  cjQsjp^  =  1.19  Nj  c®  =  9.10  at®^) 


Expt. 

No. 

T  (hrs) 

0 

®KND, 

ms 

""rnd, 

mw 

ow 

n 

•w 

1 

1 

25 

0.20 

33 

0.19 

0.12 

0.1 

2 

12 

25 

50 

~20 

0.46 

49 

0.6  i 

0.21 

0.2 

3  { 

6 

16 

}  0.37 

43 

0.27 

0.60 

0.4 

4 

8 

50 

0.20 

44 

0.24 

0.90 

0.6 

5 

9 

50 

0.41 

45 

0.53 

1.01 

0.7 

0.49 

6 

8 

50 

0.37 

46 

0.48 

1.07 

0.8 

0.46 

7 

75 

35 

0.43 

47 

0.57 

1.55 

1.1 

®  { 

19 

27 

50 

20 

1  0.40 

45 

0.51 

2.04 

1.5 

1.03 

9 

221 

100 

^  0.53 

54 

0.42 

5.90 

4.3 

10 

201 

120 

0.79 

88 

1.97 

6.50 

4.8 

Hydrogen  exchange  in  anisole.  A  solution  of  anisole  in  ND3  +  KNE>2  had  a  yellow-green  color.  To  stop 
the  exchange  reaction,  the  reaction  mixture  was  cooled  to  —70*.  When  the  ammonia  had  been  distilled  away 
at  low  temperature,  the  anisole. was  vacuum  distilled  over  anhydrous  copper  sulfate,  which  bound  the  ammonia 
residues.  In  experiments  lasting  more  than  a  day,  evaporation  of  the  ammonia  left  a  gelatinous  mass,  from 
which  the  anisole  was  extracted  with  absolute  ether.  After  this  treatment,  the  constants  of  the  anisole  remained 
unchanged.  The  results  obtained  are  presented  in  Table  2.  All  the  H  atoms  in  anisole  could  be  exchanged. 


n 


Hydrogen-exchange  kinetics  of  ani¬ 
sole  in  a  0.03-N  solution  of  KND2  in 
ND,  at  25*. 
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TABLE  2 


Hydrogen  Exchange  in  Anisole:  Cjqsjj^=  0.028  N 


Expt. 

No. 

T 

mw 

"'knii, 

"'w 

0 

's 

'w 

n 

1 

15 

min 

25 

184 

0.14 

4.38 

1.03 

2.1 

2 

15 

25 

61 

0.05 

4.38 

1.11 

2.3 

3 

30 

25 

49 

0.04 

4.38 

1.31 

2.8 

'4 

30 

25 

40 

0.04 

9.46 

3.10 

3.0 

5 

1 

hours 

25 

40 

0.03 

4.38 

1.48 

3.2 

() 

1 

25 

47 

0.04 

4,38 

1.53 

3.2 

7 

2 

» 

25 

48 

0.0 '» 

4..38 

1.77 

3.8 

H 

3 

25 

41 

0.03 

4.38 

1,87 

4.1 

9 

3 

25 

43 

0.03 

4.38 

1.95 

4.1 

10 

6 

» 

25 

44 

0.03 

4.38 

2.33 

4.9 

11 

6 

25 

85 

0.06 

4.38 

2.42 

5.0 

12 

22 

» 

—20 

41 

0.03 

4.38 

2.75 

5.9 

13 

-20 

40 

0.03 

9.46 

6.55 

7.0 

14 

144 

» 

—20 

47 

0.01 

9.46 

7.66 

7.6 

The  extent  of  their  nonequivalence  is  indicated  by  the  kinetic  curve  (see  the  figure).  To  establish  the  sequence 
in  which  the  H  atoms  exchange  in  anisole.  preparations  labeled  in  different  positions  were  synthesized. 

2,4,6-Trideuteroanisole  was  prepared  by  a  dimethyl-sulfate  methylation  of  2,4,6 -trideuterophenol.  pre¬ 
pared  by  isotope  exchange  of  hydrogen  in  phenol  with  a  solution  of  alkali  in  D^O  [6). 

Pentadeuteroanisole,  C6D5C)CH3  was  prepared  by  isotope  exchange  with  DF.* 

Then  the  number  of  D  atoms  left  after  treatment  of  diese  preparations  with  KNH2  in  NH3  was  determined. 
The  results  are  presented  in  Table  3. 


TABLE  3 

Experiments  on  the  Reverse  Exchange  With  Deuterated  Anisole  Preparations  at  25* 


Expt, 

Cc® 

Number 

Number 
of  D 

Number 
of  D 

No. 

of  D 
atoms 

KNII, 

mw 

®W 

atoms 

left 

atoms 

replaced 

2,4,6-Trideuteroanisole 


1 

2.27 

2.7 

0.03 

5 

min 

60 

0.87 

1.0 

1.7 

2 

3.0 

0.10 

5 

» 

51 

1.0 

2.0 

3 

2.27 

2.7 

0.0 '♦ 

30’ 

» 

66 

0.77 

1.0 

1.7 

4 

2.27 

2.7 

0.04 

30 

» 

50 

0.77 

1.0 

1.7 

5 

2.27 

2.7 

0.03 

30 

» 

63 

0.74 

1.0 

1.7 

6 

2.27 

2.7 

0.04 

1 

hr 

71 

0.77 

1.0 

1.7 

7 

2.27 

2.7 

0.03 

6 

» 

56 

0.44 

0.6 

2.1 

2 

.  3 . 4 , 5 , 1 

6  -Pe 

nta  d  e 

uteroan 

isole 

8 

2.66 

4.7 

0.03 

30 

min 

52 

1.29 

2.5 

2.2 

9 

2.66 

4.7 

0.0.3 

6 

hr 

60 

0.28 

0.6 

4.1 

10 

2.66 

4.7 

0.03 

6 

» 

58 

0.26 

0.5 

4.2 

•Experiments  on  the  exchange  with  HF  and  DF  were  performed  together  with  la.M.  Varshavskii,  to  whom  we  are 
grateful. 
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Comparison  of  the  results  shows  that  the  ortho  D  atoms  exchange  very  rapidly,  then  the  meta  atoms  and 
finally  the  hydrogen  in  the  para  position.  These  data  agree  with  the  conclusions  of  Roberts, et  al.  [7],  By  meas¬ 
uring  the  rate  of  D  exchange  in  isomers  of  monodeuteroanisole  with  a  solution  of  KNH^  in  NHj  at  -33.5*,  they 
obtained  the  following  values  for  the  rate  constants  (sec"^)  for  exchange  of  ortho,  meta  and  para  atoms:  9’  10"^, 

1  *  10"^,  1  •  10"*.  Deuterium  exchange  in  monodeuterobenzene  proceeds  at  a  rate  of  ~10“^  sec”^ 

To  compare  the  rate  of  exchange  of  hydrogen  in  the  methoxy  group  with  that  of  the  H  atoms  in  the  ring 
that  are  substituted  most  slowly  —  the  para  atoms  —  we  used  preparations  of  tiideuteroanisole  and  4 -monodeutero¬ 
anisole. 

Trideuteroanisole,  CfHsCX^Dy,  was  prepared  by  exhaustive  exchange  with  a  solution  of  KNDj  in  ND3  with 
subsequent  treatment  with  HF.* 

4 -Monodeuteroanisole,  CflH4DOCH3,  was  prepared  from  2,4,6 -trideuteroanisole  by  two  treatments  (at  room 
temperature  for  ten  minutes)  with  a  0.03-N  solution  of  KNH^.  Under  these  conditions  only  the  ortho  H  atoms 
exchanged  and  the  para  atom  was  hardly  involved. 

The  rate  of  exchange  of  the  para  H  atom  in  the  ring  (3*  10"^  sec"^)  was  twice  as  great  as  in  the  methoxyl 
group  ('«1.4*  10"^  sec"^)  (Table  4).  Comparison  of  the  rate  of  exchange  of  the  para  H  atom  in  anisole  with  that 
of  the  H  atoms  in  benzene  shows  that  at  “  0.27  N,  k25*  =  3*  10"^  and  6*  10"^,  respectively  (recalculated 

data  from  [5]).  Thus,  the  exchange  of  a  hydrogen  in  benzene  proceeds  approximately  twice  as  fast  as  in  the  paia 
position  of  anisole.  The  methoxyl  group  exchanges  approximately  four  times  more  slowly  than  H  atoms  in  benzene. 

TABLE  4 

Kinetics  of  Reverse  Exchange:  =  0.27  N,  25’ 


,0 

Expt.  No. 

®w 

(hours)  j 

®w 


k  10-* 

(sec"^) 


CeHsOCUg 


1 

3.27 

1.0 

105 

2.08 

2 

3.27 

1.5 

127 

1.58 

3 

3.27 

1.5 

160 

1.53 

4 

3.27 

2.0 

168 

l.ll 

4  -  Monodeuteroanisole 


5 

3.21 

0.5 

135 

1.85 

6 

3.21 

0.66 

190 

1.48 

7 

3.21 

0.66 

127 

1.58 

8 

3.21 

1.0 

185 

1.05 

9 

3.21 

1.0 

1.50 

1.05 

10 

3.21 

1.5 

170 

0.66 

If  we  assume  that  the  effect  of  conjugation  plays  the  main  role  in  the  exchange  of  hydrogen  in  anisole 
with  solutions  of  KNDj  in  ND3,  then  we  would  expect  a  completely  different  sequence  of  hydrogen  exchange  in 
the  ring  than  that  observed,  namely,  meta  >  para,  ortho.  The  actual  decrease  in  H-exchange  rate  in  the  anisole 
ring  is  in  the  order  ortho  >  meta  >  para  and  compels  us  to  assume  that  the  determining  effect  in  hydrogen  ex¬ 
change  in  anisole  with  solutions  of  KND2  +  NDj  is  the  inductive  effect  of  the  oxygen  atom. 

In  work  from  our  laboratory,  the  strong  analogy  between  deuterium-exchange  reactions  with  nucleophilic 
reagents  and  metallation  reactions  has  been  stressed  repeatedly  [8,  9].  What  is  known  about  the  metallation  of 
anisole? 

Wittig  et  al.  [10]  established  that  in  the  metallation  of  dimethylaniline,  anisole  and  fluorobenzene  with 


•It  was  established  experimentally  (together  with  la.M.  Varshavskii  and  M.G.  Lozhkina)  that  only  the  ring  H 
atoms  of  anisole  exchange  with  liquid  DF  and  those  of  die  methoxyl  group  are  not  involved.  The  experiments 
will  be  described  later. 
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phenylUthium,  only  the  ortho-H  atoms  were  substituted  and  the  rate  of  metallation  increased  in  the  order  given. 
Wittig  explained  these  results  by  the  fact  that  the  electronegativities  of  the  heteroatoms  attached  to  the  ring 
(N,  O  and  F)  increased  in  the  same  order.  Since  the  inductive  effect  is  rapidly  attenuated  along  a  chain  of  car¬ 
bon  atoms,  the  ortho-H  atoms  will  be  protonlzed  more  readily  than  the  other  atoms.  It  is  for  just  this  reason  that 
a  metal  replaces  only  the  ortho  atoms  and  the  rate  of  metallation  increases  in  the  given  order.  Roberts  [7] 
showed  that  die  rule  noted  by  Wittig  was  also  observed  in  hydrogen  exchange  with  solutions  of  potassamide  in 
liquid  ammonia  in  isomers  of  monodeuterofluorobenzene  and  deuteroanisole.  The  rate  constants  of  the  reverse 
exchange  of  D  in  o-,  m-  and  p-monodeuterofluorobenzenes  were  equal  to  4*  10"\  4*  10"^  and  2*  10"®  sec"\  re¬ 
spectively.  Due  to  the  high  electronegativity  of  the  fluorine  atom  in  comparison  with  oxygen,  in  the  case  of 
fluorobenzene,  the  absolute  value  of  the  constant  was  higher  than  in  the  case  of  anisole. 

Of  the  results  that  we  obtained,  we  should  note  particularly  the  fact  that  it  was  possible  to  exchange  all 
eight  H  atoms  in  anisole,  including  those  in  the  methoxyl  group.  This  fact*  was  already  established  in  1950  [11], 
Thus,  the  aromatic  ring  affects  the  lability  of  the  H  atoms  in  the  C-H  bonds,  separated  by  an  oxygen  atom. 

This  is  also  confirmed  by  experiments  with  methoxynaphthalene  [14].  This  phenomenon  is  even  more  widespread: 
the  effect  of  the  aromatic  ring  on  an  aliphatic  bond  is  also  transmitted  by  a  nitrogen  atom.  This  follows  from  the 
complete  exchange  of  hydrogen  in  dimethylaniline  and  dimethylnaphthalene  [11]. 

In  connection  with  the  above,  it  was  also  interesting  to  compare  the  exchange  of  hydrogen  in  toluene  and 
anisole  with  solutions  of  KND2  +  NDj.  In  contrast  to  anisole,  the  hydrogen  atoms  in  the  methyl  group  of  toluene 
[12]  exchanged  considerably  more  rapidly  (~250  times)  than  those  in  the  ring.  The  acidity  of  the  H  atoms  of 
the  methyl  group  of  toluene  is  sufficient  for  them  to  be  substituted  by  cesium  [13]. 

What  is  the  reason  for  the  exchange  of  hydrogen  in  the  OCHj  group  of  anisole?  In  analogy  with  the  o,7r- 
conjugation  effect  (for  example,  in  toluene),  the  effect  of  the  ring  on  the  mobility  of  the  hydrogen  atoms  of  the 
CHjO  group  may  be  considered  as  a  7r,p,o-conjugation  effect.  There  is  an  indication  of  this  in  the  review  article 
by  Wiles  [14].  He  notes  that  with  such  conjugation  present,  the  C— O  bond  in  the  anisole  molecule  must  be 
shortened;  this  is  confirmed  by  x-ray  data.  In  the  opinion  of  the  author,  one  should  be  rather  careful  in  inter¬ 
preting  these  data. 

It  is  quite  possible  that  in  this  case  the  determining  role  is  played  by  an  inductive  displacement  of  the 
electrons  at  the  oxygen  atom,  facilitating  the  protonization  of  H  atoms  in  the  methoxyl  group.  This  hypothesis 
is  supported  by  the  results  of  ^periments  by  Lauer  and  Day  [15]  on  the  exchange  of  deuterium,  introduced  chem¬ 
ically  into  the  position  para  to  the  alkoxyl  group  in  phenyl  alkyl  ethers.  The  solvent  was  gbcial  acetic  acid 
and  the  catalyst,  H2SO4.  It  was  found  that  the  rate  of  electrophilic  replacement  of  the  para -D* atom  in  the  aro¬ 
matic  ring  increased  in  an  order  corresponding  to  the  inductive  effect  of  the  alkyl  group,  namely:  CH8(3.0)  < 

<  CiH5(4.0)  =  CjH7(4.0)  <  iso-C3H7(7.5).  The  rate  constants  (k*  1(1*  sec"*)  are  given  in  brackets. 

We  should  note,  however,  that  the  peculiarities  of  hydrogen  exchange  in  anisole  with  solutions  of  potassam¬ 
ide  in  liquid  ammonia,  cannot  all  be  explained  by  the  inductive  effect  of  the  hydrogen  atom  of  the  methoxyl 
group.  For  example,  it  is  not  cleat  why  the  H  atoms  of  the  ring  exchange  more  rapidly  than  the  H  atoms  of  the 
methoxyl  group  in  this  case.  Since  the  inductive  effect  is  rapidly  attenuated  along  a  chain  of  carbon  atoms, 
then  the  H  atoms  in  the  methoxyl  group  should  exchange  more  rapidly  than  the  meta  atoms  and  much  more 
rapidly  than  the  para-H  atoms.  Evidently,  the  mutual  effect  of  the  atoms  in  the  anisole  molecule  has  its  pecu¬ 
liarities,  which  require  further  study  and  cannot  be  interpreted  from  the  generally  accepted  point  of  view  at  the 
moment. 

Hydrogen  exchange  in  diphenyl  ether.  (C6H6)20  is  readily  soluble  in  ND8.  In  the  presence  of  KND2,  the 
solutions  acquired  a  yellow  color.  The  substance  was  isolated  after  the  experiment,  as  with  anisole,  and  dis¬ 
tilled  in  vacuum  over  sodium.  The  constants  were  unchanged  after  the  experiment.  The  results  of  the  exchange 
experiments  are  shown  by  the  data  in  Table  5. 

After  only  15  minutes,  the  hydrogen  exchange  was  close  to  complete.  Under  the  same  conditions,  benzene 

•We  should  note  that  in  his  work  [7]  Roberts  mentioned  neitiier  this  fact  nor  all  the  work  on  hydrogen  exchange 
in  liquid  ammonia,  performed  in  the  Isotope  Reaction  Laboratory  of  the  Karpov  Institute  from  1947  onward. 
Roberts  implied  that  the  study  of  hydrogen  exchange  in  solutions  of  potassamide  in  liquid  ammonia  originated  in 
the  USA  in  1954. 
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TABLE  5 

Hydrogen  Exchange  in  Diphenyl  Ether  (25“) 
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exchanged  less  than  a  third  of  its  H  atoms  (1.8  out  of  6),  anisole  exchanged  only  the  two  most  labile  ortho -H 
atoms  in  the  ring  and  diphenyl  [12]  exchanged  about  2  H  atoms.  Consequently,  the  exchange  of  hydrogen  in  di¬ 
phenyl  ether  proceeds  much  more  rapidly  than  that  in  benzene,  anisole  and  diphenyl.  If  hydrogen  exchange  in 
(CgHsljO  with  ammoniacal  alkali,  as  in  the  case  of  exchange  with  acid  DBr  [1],  depended  on  p,ir-conjugation, 
then  one  would  expect  the  hydrogen  exchange  to  be  slower  than  in  benzene.  Actually,  the  exchange  occurs 
more  rapidly,  regardless  of  whether  an  acid  or  a  base  participates  in  the  reaction. 

Diphenyl  ether  differs  from  anisole  in  that  the  position  of  the  methyl  group,  which  lacks  tt -electrons,  is 
occupied  by  a  phenyl  group.  The  (C5H6)20  molecule  has  a  polarizability  (20.8*  10"**  cm*)  greater  than  the  ani¬ 
sole  molecule  (13.1*  10“**  cm*).  Apparently,  this  plays  a  determining  role  in  hydrogen  exchange  with  a  base. 

DISCUSSION  OF  RESULTS 

Data  obtained  by  studying  hydrogen  exchange  in  oxygen-  and  nitrogen-containing  aromatic  compounds 
with  acidic  [1]  and  basic  solvents,  leads  to  certain  conclusions  on  the  mechanism  of  hydrogen  exchange.  In 
1934,  Ingold  et  al.  [6]  showed  that  deuterium  exchange  in  the  acid  medium  proceeded  by  a  type  of  electrophilic 
substitution.  This  hypothesis  was  confirmed  on  many  examples  in  our  laboratory  [8],  in  particular,  in  the 
previous  paper  [1].  In  this  it  was  very  clearly  shown  that, if,  due  to  satiation  of  the  free  electron  pair  of  the  ni¬ 
trogen  atom,  the  degree  of  electronegativity  of  the  carbon  atoms  of  the  aromatic  amine  is  lowered,  and  there¬ 
fore  the  addition  to  them  of  deuterons  of  the  acid  becomes  less  probable,  then  the  exchange  ruction  is  inhibited. 
This  is  conclusive  evidence  that  the  necessary  condition  for  the  exchange  reaction  with  an  acid  is  just  this  addi¬ 
tion  of  D  to  the  carbon  atom  of  the  C— H  bond. 

On  the  other  hand,  for  an  exchange  reaction  to  occur  with  a  base  participating,  the  latter  must  protonize 
the  hydrogen  of  the  C— H  bond.  Here,  the  free  carbanions  do  not  have  to  form  (the  same  as  in  the  case  of  free 
carbonium  ions  in  the  reaction  with  an  acid).  The  fact  that  in  hydrogen  exchange  catalyzed  by  a  base,  the  sub¬ 
stance  is  a  proton  donor  is  also  indicated  by  the  deep  analogy  between  the  metallation  of  aromatic  substances  by 
alkaliorganic  compounds  and  hydrogen  exchange  ia  a  basic  medium,  as  has  been  noted  several  times  in  work 
from  our  laboratory  [9].  The  mechanism  of  metallation  by  alkaliorganic  compounds  has  been  explained  by  many 
papers  [16].  From  Bryce-Smith’s  proposal,  this  mechanism  has  been  given  the  designation  "protophilic."  The 
attack  of  a  nucleophilic  reagent  is  directed  not  toward  the  carbon  atom  of  the  C-H  bond  (as  occurs  in  the  nu¬ 
cleophilic  substitution  of  H),  but  toward  the  H  atom.  The  metal  cation  is  added  to  the  negatively  charged  car¬ 
bon  atom  only  in  the  second  stage.  The  exchange  of  hydrogen  catalyzed  by  ND2"  ion  proceeds  similarly.  The 
ND2“  ion  attracts  the  hydrogen  of  the  C— H  bond  in  the  form  of  a  proton  and  this  allows  the  D  of  NDs  to  add  to 
die  carbon  atom.  This  process  may  occur  in  a  single  act  in  an  activated  complex.  Therefore,  the  similarity 
between  the  laws  of  metallation  and  hydrogen  exchange  in  ammoniacal  alkali  for  anisole  are  understandable. 

In  the  opinion  of  Roberts  [7],  the  primary  attack  of  the  NDg"  ion  does  not  involve  the  7r-electron  system  of  the 
ring,  as  occurs  in  nucleophilic  aromatic  substitution. 

The  hypothesis  on  the  mechanism  of  exchange  reactions  presented  is  supported  by  ideas  [9, 17]  on  the  ef¬ 
fect  of  the  charge  of  the  substance  on  the  rate  of  hydrogen  exchange,  which  have  received  further  confirmation 
in  this  work. 
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We  plan  to  supplement  our  investigations  with  data  on  hydrogen  exchange  in  aromatic  amines  with  solu¬ 
tions  of  potassamide  in  liquid  ammonia  and  on  deuterium  exchange  with  DF  and  DF  +  BFj  in  aromatic  com¬ 
pounds  with  substituents  containing  oxygen  and  nitrogen  and  also  to  measure  the  rate  of  deuterium  exchange  of 
the  nonequivalent  hydrogen  atoms  in  diphenyl  ether. 

SUMMARY 

1.  All  the  hydrogen  atoms  in  the  phenolate  ion,  diphenyl  ether  and  anisole, exchange  with  a  solution  of 
KNDj  in  liquid  NDs.  Since  the  amide  ion  is  a  very  strong  base,  the  differences  in  acidity  and  reactivity  in  ex¬ 
change  of  the  nonequivalent  hydrogen  atoms  of  the  aromatic  rings  in  the  substances  named  were  considerably 
leveled  out 

2.  Hydrogen  in  the  phenolate  ion  exchanges  at  a  rate  three  orders  less  than  in  benzene.  This  is  explained 
by  the  fact  that  the  negative  charge  of  the  NDj"  ion  hinders  the  approach  of  the  catalyst. 

3.  The  hydrogen  in  diphenyl  ether  exchanges  considerably  more  quickly  than  that  in  benzene. 

4.  The  rate  of  hydrogen  exchange  in  anisole  falls  in  the  sequence:  ortho  >  meta  >  para  >  OCHj.  This 
order  indicates  tiiat  in  contrast  to  the  exchange  with  an  acid,  in  the  exchange  of  hydrogen  in  the  ring  with  a  base, 
the  main  role  is  played  not  by  the  Tr.p-conjugation  effect,  but  by  the  inductive  effect  of  the  methoxyl  group 
oxygen.  The  hydrogen  of  the  latter  exchanges  more  slowly  than  the  para  atom  of  the  anisole-aromatic  ring. 

5.  Considerations  on  the  mechanism  of  hydrogen  exchange  with  acids  and  bases  are  discussed. 

6.  Methods  are  presented  for  preparing  the  deuteroanisoles;  CsDsOCPs.CeHsOCDs,  2,4,6 -CjDjHjCXIHj, 
3,5-CeD2HjOCHj  and  p-CeDH4CX::i^,  using  exchange  reactions  in  various  solvents. 
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ISOTOPE  EXCHANGE  OF  2  -  M  ERC  A  PTOB  EN  Z  T  H I A  Z  OL  E  SULFUR 
AND  ELEMENTARY  SULFUR  IN  THE  PRESENCE  OF  AMINES 

G.A.  Blokh  and  V.S.  Zdanovich 


In  investigations  published  previously  [1-3],  it  was  shown  that  vulcanization  accelerators  react  with  sulfur 
during  rubber  vulcanization.  It  was  established  experimentally,  using  radioactive  isotopes,  that  there  is  a  rapid 
isotope  exchange  of  sulfur  atoms  between  the  accelerators  and  the  materials  being  vulcanized,  during  rubber 
vulcanization.  It  was  found  that  the  more  efficient  the  accelerator,  the  lower  the  temperature  at  which  the  iso¬ 
tope  exchange  of  sulfur  atoms  occurred  and  the  greater  the  rate  [4]. 

It  is  known  that  amines  were  the  first  organic  accelerators  used  in  the  rubber  industry  [5]  and  that  they  are 
still  important  in  the  technology  of  rubber  preparation.  The  addition  of  amines  to  the  rubber  raises  the  activity 
and  efficiency  of  the  sulfur -containing,  organic  rubber  vulcanization  accelerators. 

Elucidation  of  the  effect  of  amines  on  the  rate  of  isotope  exchange  of  sulfur  atoms  of  the  most  widely  used 
accelerator,  2-mercaptobenzthiazole  (Captax),  and  the  vulcanization  agent,  elementary  sulfur,  is  of  both  prac¬ 
tical  and  theoretical  value.  If  the  hypothesis  on  the  correlation  between  vulcanization  rate  and  isotope-exchange 
rate  is  correct,  then  a  more  rapid  sulfur  exchange  may  be  expected  in  the  presence  of  amines. 

EXPERIMENTAL 

A  study  was  made  of  the  effect  of  tertiary  (triethylamine)  and  secondary  (dipropylamine  and  diamylamine) 
amines  on  the  exchange  of  sulfur  atoms  between  2-mercaptobenzthiazole  and  elementary  sulfur  over  a  wide 
temperature  range. 

2-Mercaptobenzthiazole  and  radioactive  sulfur  (S*®)  were  used  in  equimolecular  amounts.  The  amines 
were  introduced  into  the  reaction  medium  in  amounts  of  0.1  to  1.0  parts  relative  to  the  amount  of  accelerator. 

The  experiments  were  performed  in  sealed  ampoules  in  naphthalene  solution,  in  apfMroximation  of  the  rubber 
system.  Into  the  ampoules  was  placed  0.08  g  of  2-mercaptobenzthiazole  and  0.0153  g  of  radioactive  sulfur, 
dissolved  in  2.29  g  of  naphthalene.  The  amines  were  added  before  the  ampoules  were  sealed.  The  sealed  am¬ 
poules  were  kept  for  five  minutes  on  a  water  bath  to  dissolve  the  accelerator  and  the  sulfur  in  the  naphthalene 
completely,  and  then  heated  in  a  thermostat  under  strictly  defined  temperature  conditions.  After  being  heated, 
the  ampoules  were  opened,  5  ml  of  toluene  added  to  the  contents,  and  the  ampoules  placed  in  a  beaker  with 
boiling  water  until  the  whole  mass  dissolved.  The  solution  was  then  poured  into  a  separating  funnel  in  which 
was  placed  10  ml  of  1^  sodium  hydroxide  solution.  The  mercaptobenzthiazole  passed  into  the  aqueous  layer  as 
the  sodium  salt  and  the  radioactive  sulfur  remained  in  the  layer  of  organic  solvent.  The  mercaptobenzthiazole 
and  sulfur  were  thus  separated. 

The  addition  of  hydrochloric  acid  to  the  alkaline  solution  liberated  the  mercaptobenzthiazole,  which  was 
recrystallized  several  times  until  its  melting  point  reached  176-178*.  The  mercaptobenzthiazole,  isolated  after 
the  exchange  reaction,  was  examined  for  radioactivity  by  the  procedure  described  previously  [6],  using  an  end- 
window  counter  for  soft  B -radiation.  The  percentage  of  sulfur -isotope  exchange  was  calculated  on  the  basis  of 
the  fact  we  demonstrated  expaimentally,  that  only  the  sulfur  of  the  mercaptobenzthiazole  sulfhydryl  group  par¬ 
ticipates  in  the  isotope  exchange  [7]. 

We  studied  the  isotope  exchange  of  sulfur  atoms  at  temperatures  of  100,  120  and  140*,  i.e.,  at  tempera- 
mres  at  which  rubber  mixtures  and  their  vulcanizates  are  prepared. 
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Isotope  Exchange  of  2-Mercaptobenzthiazole  Sulfur  and  Elementary  Sulfur  in  the 
Presence  of  Amines 
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Analysis  of  the  experimental  data  given  in  the  Table  showed  that  the  exchange  of  sulfur  atoms  increased 
sharply  in  the  presence  of  minute  quantities  of  amines.  It  is  interesting  to  note  the  fact  that  the  strongest  accel¬ 
eration  of  the  isotope  exchange  of  sulfur  atoms  in  the  presence  of  amines  was  observed  at  100*,  i.e.,  at  the  tem¬ 
perature  at  which  rubber  is  mixed  with  the  ingredients  and  there  is  the  greatest  danger  of  premature  scorching 
in  the  rubber  mixtures.  It  is  well  known  in  technological  practice  that  cases  of  premature  scorching  of  rubber 
mixtures  during  their  preparation  or  storage  are  most  common  in  the  presence  of  sulfur -containing  accelerators 
and  amine  activators.  Acceleration  of  isotope  exchange  was  also  observed  at  120  and  140*,  i.e.,  at  conditions 
of  technical  vulcanization;  in  the  presence  of  amine  at  140°,  complete  exchange  was  achieved  in  approximately 
30  minutes,  while  without  amines  it  occurred  only  after  90  minutes. 

The  experimental  data  obtained  do  not,  however,  allow  us  to  differentiate  between  the  effect  on  the  iso¬ 
tope-exchange  rate  of  the  secondary  and  tertiary  amines  investigated.  The  data  obtained  agree  well  with  those 
in  [8],  which  demonstrated  that  the  isotope  exchange  of  2-mercaptobenzthiazole  sulfur  with  elementary  sulfur 
was  accelerated  by  the  presence  of  a  sulfur-free  nitrogen -containing  accelerator  —  diphenylgiianidine  (DPG).  It 
is  knbwn  that  the  use  of  the  combination  of  accelerators,  mercaptobenzthiazole— diphenylguanidine,  has  a 
greater  accelerating  effect  than  the  action  of  each  accelerator  separately. 

Thus  one  may  conclude  that  amines,  which  accelerate  the  action  of  sulfur -containing  accelerators,  also 
accelerate  isotope  exchange  of  sulfur  atoms  of  the  accelerators  and  the  vulcanizing  agents. 

How  can  one  explain  the  acceleration  of  isotof)e  exchange  of  sulfur  atoms  in  the  presence  of  amines?  It 
is  known  that  amines  have  a  catalytic  effect  on  the  allotropic  changes  of  sulfur  [9].  There  is  reason  to  believe 
that  the  insoluble  modifications  of  sulfur  consist  of  high-molecular  rings  and  not  of  chains  [10].  This  ring  must 
be  broken  at  some  place  to  convert  the  insoluble  to  a  soluble  sulfur  modification.  The  energy  of  the  simple 
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S— S  bond  In  the  ring  was  evaluated  as  63.8  kcal  per  mole,  i.e.,  very  great.  The  sulfur  rings  may  be  broken  either 
thermally  or  catalytically.  The  basic  amines  are  an  active  group  of  catalysts,  which  convert  high-molecular 
sulfur  atom  rings  to  el^t-membered  rings.  It  Is  known  that  the  Insoluble  form  of  sulfur  dissolves  almost  Instan- 
taneouslyin  benzene  or  carbon  disulfide  if  it  Is  shaken  with  a  drop  of  amine  [11]  to  form  the  intermediate  amino- 
polysulfide.  According  to  Krebs  [9],  the  rate  at  which  insoluble  sulfur  converts  to  soluble  sulfur  may  best  beex  - 
plained  on  the  basis  of  chain-reaction  principles. 

Botfi  ends  of  the  broken  sulfur  ring  are  extremely  reactive  and  may  behave  ionogenically.  Under  the  ef¬ 
fect  of  the  aminopolysulfide  formed,  the  chain  reaction  continues  until  the  ends  of  the  same  sulfur  ring  react 
with' each  other  to  form  a  ring  or  witfi  anodier  component  (in  our  case,  with  the  accelerator).  The  activation 
of  sulfur  by  the  action  of  amines  to  form  aminopolysulfldes  and  eight -membered  sulfur  rings  may  be  represented 
by  the  following  scheme: 


*■  [Sn] 


ring 


RjN^Sri-—- S-S-S-S 
~S  S 

I  I 

s-s-s 

Aminopolysulfide 


8,N--S - S  ^[S„]  . 


ring 


RjN  — S - S-5-. 

"s . 


R,N  — S - S  +  S, 


R.N  —S - S  +  Sa  etc. 


D:>"  • 

2  -m  erca  ptobenzthia  zole 
(thione  form) 

H 

Or'\u-s'- 


y 


,c^-s-s-[s^]  -  s' 


NR, 


C-S-S-Si.j-S 


C  — S  H 


Intermediate 
radioactive 
polysulfide  of  the 
accelerator 


Radioactive 

accelerator 


On  reacting  with  the  active  forms  of  the  accelerator,  the  aminopolysulfides  decompose  to  form  an  un¬ 
stable  intermediate  polysulfide  compound  of  the  accelerator.  The  decomposition  of  the  polysulfide  accelerator 
formed  results  in  the  exchange  of  sulfur  atoms  and  the  liberation  of  active  sulfur,  which  reacts  chemically  with 
the  molecular  stmcture  of  the  rubber. 


It  should  also  be  noted  that  the  accelerating  action  of  sulfur-free,  amino -containing  accelerators  of  mb- 
ber  vulcanization  is  based  on  the  formation  of  aminopolysulfides  and  their  decomposition  with  the  liberation  of 
active  sulfur.  On  the  other  hand,  reaction  with  the  basic  amines  converts  mercaptobenzthiazole  to  an  ionic 
form,  which  reacts  with  aminopolysulfide  to  form  an  intermediate  polysulfide  complex,  also,  and  during  its  de¬ 
composition  .isotope  exchange  of  sulfur  atoms  occurs. 

Thus,  under  the  action  of  amines,  the  bonds  between  the  atoms  in  sulfur  rings  are  broken  heterolytically 
and  this  accelerates  the  formation  of  an  intermediate  polysulfide  compound  of  the  accelerator,  which  decom¬ 
poses  widi  exchange  of  sulfur  atoms. 


We  are  grateful  to  E.N.  Gur'ianova  for  her  help  in  carrying  out  this  investigation. 


SUMMARY 


1.  A  study  was  made  of  the  kinetics  of  the  exchange  between  2 -mercaptobenzthiazole  sulfur  and  ele¬ 
mentary  sulfur  in  the  presence  of  the  amines,  dipropylamine,  diamylamine  and  triethylamine  at  100,  120  and 
140*. 

2.  It  was  shown  that  amines  accelerate  isotope  exchange  of  the  sulfur  atoms  of  the  rubber-vulcanization 
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acceleratxjr,  2-mercaptobenzthIazole  (Captax),  and  elementary  sulfur,  which  agrees  well  with  the  technological 
practice  of  efficient  mbber  vulcanization  in  the  presence  of  amines. 
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DEHYDROGENATION  KINETICS  OF  CYCLOHEXANE  AND  ITS  HOMOLOGS 
ON  A  CHROMIUM  CATALYST  AT  ATMOSPHERIC  PRESSURE 

G.N.  Maslianskii  and  N.R.  Buisian 


The  dehydrogenation  of  six-membered  naphthenes  on  oxide  catalysts  at  atmospheric  pressure  has  been 
studied  by  many  authors  and  a  large  amount  of  experimental  material  has  been  accumulated  in  this  field  [1]. 
The  reaction  kinetics  of  cyclohexane  dehydrogenation  on  a  chromium  catalyst  were  first  studied  by  A. A.  Balan¬ 
din  and  N.N.  Brusov  [2]  and  also  by  B.L.  Moldavskii.et  al.  [3].  Later,  the  dehydrogenation  of  six-membered 
naphthenes  on  chromium  catalysts  was  studied  in  other  works  by  A.  A.  Balandin, et  aL  [4-6].  The  kinetics  of  the 
same  reaction  were  also  studied  by  other  authors  [7-10],  Despite  this,  some  data  on  the  kinetics  of  cyclohexane 
dehydrogenation  are  contradictory.  Thus,  the  investigations  of  M.Ia.  Kagan, et  aL  [7-9], show  that  the  rate  of  the 
dehydrogenation  reaction  is  inversely  proportional  to  the  concentration  of  hydrogen  in  the  gas  phase.  Starting 
from  this,  a  kinetic  equation  was  set  up,  allowing  for  inhibition  of  the  reaction  by  hydrogen. 

On  the  other  hand,  E.F.  Herrington  and  E.K.  Rideal  [10]  came  to  the  conclusion  that  in  the  dehydrogena¬ 
tion  of  cyclohexane  on  a  Cr203/Al203  catalyst,  the  benzene  and  hydrogen  acted  as  diluents  and  had  no  inhibiting 
action  on  the  reaction.  Thus,  while  the  data  of  the  authors  mentioned  on  the  effect  of  benzene  on  the  reaction 
kinetics  of  cyclohexane  dehydrogenation  agree,  the  data  with  regard  to  hydrogen  are  contradictory. 

According  to  the  data  of  different  authors,  the  value  of  the  apparent  activation  energy  of  cyclohexane 
dehydrogenation  on  different  chromium  catalysts  varies  over  the  range  of  26,000-40,700  cal/mole  [2, 3,  8, 10]. 

In  the  present  work*  a  study  was  made  of  the  dehydrogenation  kinetics  of  cyclohexane  on  analumino- 
chxomium  catalyst  (Cr20j/A]2C)j)  at  atmospheric  pressure.  In  addition,  measurements  were  made  on  the  relative 
dehydrogenation  rates  of  some  cyclohexane  homologs  (methylcyclohexane,  1,3-dimethylcyclohexane,  1,3,5- 
trimethylcyclohexane  and  isopropylcyclohexane). 

Further  investigations,  devoted  to  studying  the  reaction  kinetics  of  cyclohexane  dehydrogenation  on  oxide 
catalysts  at  elevated  pressures,  will  be  reported  in  later  communications. 

EXPERIMENTAL 


Procedure  and  Starting  Materials 

Cyclohexane  and  its  homologs  were  prepared  by  hydrogenating  the  appropriate  aromatic  hydrocarbons 
over  a  nickel  catalyst.  The  characteristics  of  the  hydrocarbons  used  in  the  work  ate  given  in  Table  1. 

The  experiments  were  performed  in  a  flow  apparatus. 

The  reactor  was  a  glass  tube  placed  vertically  in  an  electric  furnace.  The  catalyst  (20  ml)  was  placed 
in  a  constant  temperature  zone.  During  the  experiments  the  temperature  was  maintained  with  an  accuracy  of 

±r. 

The  hydrocarbon  was  fed  steadily  into  the  reactor  from  a  graduated  burette.  The  reaction  products  emerg¬ 
ing  from  the  reactor  were  passed  into  a  condenser.  The  condensed  hydrocarbons  were  collected  in  a  receiver. 
The  gaseous  reaction  products  were  collected  in  graduated  burettes. 

•Dissertation  work  of  N.R.  Bursian,  completed  in  1947. 
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TABLE  1 


Present  work 

1  Literature  data  [11] 

Name  of  hydrocarbon 

boiling 
point 
(760  mmj 

r.20 

boiling  point 
(760  mm) 

1 

H 

Cyclohexane 

Methylcyclohexane 

F0.8° 

1.4262 

0.7781 

80.75° 

1.4262 

0.7786 

100.8 

1.4232 

0.7694 

100.93 

1.4231 

0.7694 

Ethylcyclohexane 
Dimetnylcyclohexane 
(mixture  of  isomers) 

131.3 

1.4332 

0.7884 

131.78 

1.4330 

0.7879 

120-124 

1.425^ 

0.7701 

— 

— 

— 

1.3,5 -Trimethylcyclo- 
nexane 

138-139.5 

1.4283 

0.7761 

1404—140.9* 

138—139** 

1.4277  * 
1.4251  ** 

0.7765  * 
0.7720** 

Isopropylcyclohexane 

1 

152-155 

1.4400 

0.7983 

154.56 

1.4409 

0.8022 

•Cis-isomer. 
**Trans -isomer. 


The  duration  of  an  experiment  was  usually  two  to  three  hours.  Every  five  minutes  readings  were  taken  of 
the  amount  of  hydrocarbon  introduced,  the  temperature  and  the  amount  of  gas  liberated.  The  rate  of  hydrogen 
liberation  and  the  agreement  of  the  refractive  indexes  of  catalyzate  samples  indicated  the  constancy  of  the 
catalyst  activity  with  time.  In  addition,  control  experiments  with  cyclohexane  were  performed  periodically 
during  the  course  of  the  whole  series  of  experiments.  If  a  fall  in  the  catalyst’s  activity  was  observed,  then  it 
was  regenerated  with  air.  Tire  regeneration  conditions  were  chosen  on  the  basis  of  special  work  and  gave  good 
reproducibility  of  catalyst  activity  [12]. 

It  was  established  that  in  the  dehydrogenation  of  cyclohexane,  the  catalyzates  obtained  contained  insig¬ 
nificant  amounts  of  unsaturated  hydrocarbons-,  therefore,  it  was  possible  to  determine  the  benzene  content  from 
the  refractive  index  [13]  on  the  one  hand,  and  from  the  amount  of  hydrogen  liberated  on  the  other. 

In  contrast  to  the  dehydrogenation  products  of  cyclohexane,  the  catalyzates  obtained  by  dehydrogenating 
its  homologs  contained  noticeable  amounts  of  unsaturated  hydrocarbons.  Due  to  this,  the  amount  of  aromatic 
hydrocarbons  was  determined  by  a  dispersion  method  [14].  The  appropriate  measurements  were  performed  on  a 
Pulfrich  refractometer.  The  content  of  unsaturateds  was  calculated  from  the  bromine  number,  which  was  de¬ 
termined  by  the  method  of  Francis  [15]. 

The  catalyst  was  prepared  by  coprecipitation  of  chromium  and  aluminum  hydroxides.  The  prepared, 
baked  catalyst  contained  20‘7oof  Cr203  and  AljOj. 

Kinetics  of  Cyclohexane  Dehydrogenation  on  a  Chromium  Catalyst 

The  dehydrogenation  kinetics  of  cyclohexane  were  studied  at  410-475*. 

We  used  the  equation  developed  by  A.V.  Frost  [16]  to  describe  the  kinetics  of  the  reaction  studied. 

If  we  consider  that  the  catalyst  surface  is  uniform  and  that  the  adsorption  of  the  starting  material  and  the 
reaction  products  is  governed  by  the  Langmuir  equation,  then  the  reaction  rate,  expressed  as  the  number  of  moles 
reacting  in  unit  time  on  unit  surface,  will  equal: 

+  &2^2+ . 

where  kj  is  the  rate  constant  of  the  surface  reaction,  relative  to  1  cm*  in  unit  time,  bj,  bj  and  bj  are  the  ad¬ 
sorption  coefficients  of  the  substances  and  Pj,  P2  and  Pj  ate  the  partial  pressures  corresponding  to  these  substances 
at  a  moment  of  time  when  the  degree  of  conversion  has  reached  a  value  y. 

Transposition  and  integration  of  this  equation  gives  the  following  expression  for  the  rate  constant  of  a 
monomolecular,  heterogeneous,  catalytic  reaction,  occurring  in  a  flow  system  and  inhibited  by  the  reaction 
products: 
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TABLE  2 

The  Effect  of  the  Rate  of  Input  of  Cyclohexane  on  Its  Degree  of  Dehydrogenation 
(Chromium  catalyst  -  sample  1,  450") 


Expt. 

No. 

Cyclohexahe 

input 

Amt.  of 
gas  (in 
ml)  lib¬ 
erated  in 
5  min 

n0  of 
cataly¬ 
zate 

Percent  of  dehydrogenation 

d  •  in» 
(mole 
per  min) 

mlAr 

m  mole/ 
per  itlin 

from 

gas 

froi/infl* 

average 

1 

60.0 

9.2 

416 

1.4335 

13.4 

13.8 

13.6 

0.26 

2  • 

29.6 

4.56 

302 

1.4375 

19.7 

20.5 

20.1 

0.24 

3 

15.0 

2.31 

231 

1.4445 

29.7 

32.3 

31.0 

0.24 

4  • 

30.0 

4.62 

309 

1.4365 

19.9 

18.8 

19.3 

0.22 

5 

.5.5 

0.85 

140 

1.4595 

48.8 

54.0- 

51.4 

0.25 

6  • 

30.0 

4.62 

298 

1.4365 

19.2 

18.8 

19.0 

0.22 

7 

3.0 

0.46 

106 

1.4700 

68.0 

67.5 

67.8 

0.25 

8  • 

30.0 

4.62 

323 

1.4380 

20.8 

21.3 

21.0 

0.25 

•Control  experiments. 


TABLE  3 

The  Effect  of  Reaction  Temperature  on  the  Rate  of  Cyclohexane  Dehydrogenation 
(Chromium  catalyst  -  sample  1) 


ExptL  conditions 

Amt.  of 
gas  (in 
ml)  lib¬ 
erated  in 

5  min 

20 

of  cataly¬ 
zate 

Percent  of  dehydrogenation 

o  .  10> 

(mole 
per  min) 

temper¬ 

ature 

cyclohexane 

input 

from  gas 

from 

average 

ml/hr 

m  mole/ 
per  min 

450° 

30.0 

4  62 

323 

1.4380 

20.8 

21.3 

21.0 

0.25 

410 

7.2 

1.11 

65 

1.4370 

17.4 

19.8 

18.6 

0.05 

430 

15.0 

2.31 

152 

1.4370 

19.4 

19.8 

19.6 

0.11 

450 

30.0 

4.62 

320 

1.4:i80 

20.6 

21.3 

20.9 

0.25 

475 

60.0 

9.2 

490 

1.4404 

26.2 

25.8 

26.0 

0.7 

450 

30.0 

4.62 

309 

1.4365 

19.9 

18.8 

19.3 

0.22 

®  =  — P^o?y.  (2) 


where  a  is  a  value  proportional  to  the  reaction  rate  constant,  Vq  is  the  number  of  moles  of  starting  material  in¬ 
troduced  per'  minute,  is  the  degree  of  conversion  of  the  starting  material,  and  B  is  a  value,  characterizing  the 
constancy  of  the  ratio  of  the  adsorption  coefficients. 


At  constant  temperatures  and  pressures,  the  values  a  and  B  do  not  depend  on  Vq  and 


Equation  (2)  gives  a  straight  line  in  the  coordinates  Vgy  and  Voln 


1 

1-y* 


consequently, 


To  elucidate  the  effect  of  the  volume  rate  on  the  course  of  the  reaction,  a  series  of  experiments  was  per- 
fwmed  at  450".  The  cyclohexane  input  was  varied  over  the  wide  limits  from  3  to  60  ml  per  hour,  i.e.,  by  a 
factor  of  20;  the  degree  of  conversion  changed  from  13.6  to  61.8%  respectively.  The  experimental  results  are 
given  in  Table  2.  The  constancy  of  the  catalyst’s  activity  was  confirmed  quite  satisfactorily  by  the  reproduci¬ 
bility  of  control  experiments. 


The  values  of  Vnln  - - 

1  -y 


and  Voy,  calculated  from  Equation  (2)  for  the  experiments  in  Table  2,  lie  well 
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on  a  straight  line.  Calculating  by  the  method  of  least  squares,  it  was  found  that  a  =  0.24*  10"*,  fl  =  0.86. 

The  deviations  of  the  values  calculated  for  separate  experiments  from  the  value  given  above,  did  not  ex¬ 
ceed  the  limits  of  error  of  the  experiment. 

To  establish  the  dependence  of  reaction  rate  on  temperature,  a  series  of  experiments  was  perfamed  at 
410-475"  and  the  results  are  given  in  Table  3.  A  plot  of  log  a  against  1/T  gave  a  straight  line,  which  was  de¬ 
scribed  by  the  equation: 


log  a=8.8 


89R0 
T  ' 


(3) 


The  value  of  the  apparent  activation  energy,  calculated  from  Equation  (3)  was  41,000  cal/mole. 

The  applicability  of  Equation  (2)  to  the  reaction  studied  indicates  that  the  reaction  rate  increases  as  the 
partial  pressure  of  cyclohexane  increases  and  that  it  is  Inhibited  by  the  reaction  products. 

To  elucidate  the  effect  of  benzene  on  the  course  of  the  reaction,  a  series  of  experiments  was  carried  out 
with  mixtures  of  benzene  and  cyclohexane  in  equal  amounts  at  450*.  The  results  of  the  experiments  are  given 
in  Table  4. 


TABLE  4 


Experiments  on  the  Dehydrogenation  of  Cyclohexane  Mixed  With  Benzene 
(Chromium  catalyst  —  sample  1,  450*) 


Exptl,  conditions 

Amt.  of 
gas  (in 
ml)  lib¬ 
erated 
in  5  min¬ 
utes 

”0 

of 

catalyzate 

Percent  of  cyclohexane 
dehydrogenated 

comp,  start¬ 
ing  mixture 
fin  mole 

mixture  in¬ 
put  (mmole 
per  min) 

from  gas 

from  n  j5 

average 

C,H„ 

CfiH, 

100 

4.62 

319 

1.4380 

20.5 

21.3 

20.9 

89.3 

10.7 

4.69 

305 

1.4430 

21.6 

21.6 

21.6 

80.2 

19.8 

4.82 

254 

1.4470 

19.6 

20.6 

20.1 

67.7 

32.3 

4.88 

239 

1.4532 

21.6 

19.5 

20.5 

40.2 

59.8 

5.14 

147 

1.4696 

21.2 

18.2 

19.7 

100 

4.62 

319 

1.4380 

20.5 

21.3 

20.9 

On  changing  the  molar  concentration  of  benzene  in  the  mixture  from  10.7  to  59.8*551^  the  degree  of  con¬ 
version  of  cyclohexane  remained  practically  constant.  Consequently,  benzene  does  not  slow  down  the  dehydro 
genation  of  cyclohexane  on  a  chromium  catalyst  and  is  only  a  diluent. 

The  problem  of  the  effect  of  hydrogen  on  the  reaction  kinetics  of  cyclohexane  dehydrogenation  were 
studied  in  an  investigation  of  this  reaction  under  a  pressure  of  hydrogen.*  It  was  established  that  the  reaction 
was  inhibited  by  hydrogen. 

Thus,  our  data  agree  with  the  data  of  M.Ia.  Kagan  [7]  and  contradict  the  results  obtained  by  Herrington 
and  Rideal  [10]. 


A  Study  of  the  Relative  Dehydrogenation  Rates  of  Six-Membered  Naphthenes  on  a 
Chromium  Catalyst 

For  studying  the  relative  dehydrogenation  rates,  we  chose  six-membered  naphthene  hydrocarbons,  which 
differed  both  in  the  number  and  the  character  of  the  substituent  groups  on  the  hexamethylene  ring.  We  used  the 
following  hydrocarbons:  cyclohexane,  methylcyclohexane,  dimethylcyclohexane  (a  mixture  of  isomers),  1,3,5- 
trimethylcyclohexane,  ethylcyclohexane  and  isopropylcyclohexane. 

♦The  results  of  the  investigation  will  be  put  into  the  next  communication. 
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Experiments  on  the  Dehydrogenation  of  Different  Six-Membered  Naphthenes  (Chro¬ 
mium  catalyst  -  sample  2,  450") 


Hydrocarbon  input 

1  Catalyzate 
characteristics 

Catalyzate  com-* 
position  (wt.  % 

Degree  of 
conversion 

a  •  10> 

ml/hr 

m  mole/ 
per  min 

bromine 

number 

*Fc 

unsat- 

urateds 

j  aro- 
matids 

(100  y) 

(in  mole  *5^) 

(mole/ra 

Cy  41c 

(hexane 

29.6 

4.57 

6.3 

106.5 

3.2 

11.4 

15.5 

0.25 

i4.2 

2.18 

7.5 

112.7 

3.8 

18.2 

23.0 

0.25 

5.5 

0.93 

7.5 

123.1 

3.8 

20.5 

34.8 

0.25 

Methy  loy  clohex 

a  n  e 

29.2 

3.82 

5.0 

112.3 

3.0 

16.6 

20.2 

0.36 

15.0 

1.96 

4.0 

119.3 

2.4 

25.0 

28.6 

0.36 

5.0  1 

0.66 

5.3 

133.0 

3.2 

40.9 

45.6 

0.33 

Dim  ethy  Ic 

y  c loh  ex  a 

nte  (mix 

iture  of 

isom  ers) 

31.0 

3.58 

4.3 

114.2 

3.0 

18.5 

22.4 

0.42 

14.4 

1.65 

4.5 

124.9 

3.1 

32.0 

36.3 

0.47 

5.8 

0.66 

4.3  1 

136.2 

3.0 

46.1 

50.5 

•0.42 

Ethy Icyclohaxa 

n  e 

29.5 

3.46 

5.3 

115.2 

3.6 

I  21.2 

25.8 

0.50 

14.4 

1.69 

5.5 

122.9 

3.8 

30.8 

35.7 

0.47 

6.5 

0.76 

5.5 

133.7 

3.8 

44.1 

49.3 

0.44 

Is 

iopropy  Ic] 

yrolohex 

a  ne 

30.0 

3.16 

3.2 

116.3 

2.5 

25.2 

28.7 

0.55 

15.6 

1  65 

4.7 

121.9 

3.6 

32.0 

36.8 

0.50 

7.0 

0.74 

5.5 

135.2 

4.3 

48.4 

53.8 

0.53 

1.3, 

,  5  -  Tri m 

thy  Icyc 

lohexan 

le 

30.0 

1  3.08 

3.9 

119.1 

3.0 

23.9 

1  27.8 

0.53 

21.6 

2.22 

4.5 

123.4 

3.5 

29.2 

33.6 

0.55 

14.6 

1.50 

4.1 

128.8 

3.2 

36.2 

40.5 

0.53 

•Specific  dispersion  at  20*. 


For  each  naphthene  hydrocarbon  we  performed  a  series  of  three  experiments,  which  differed  in  the  input- 
volume  rate  of  the  hydrocarbon.  To  check  the  stability  of  the  catalyst,  each  series  of  experiments  was  begun 
and  ended  with  a  control  experiment  with  cyclohexane. 

The  results  of  the  experiments  with  different  six-membered  naphthenes  are  given  in  Table  5. 

The  catalyzates  obtained  by  dehydrogenating  the  naphthenes  studied  contained  unsaturated  hydrocarbons 
together  with  the  aromatics.  The  amount  of  the  former,  however,  was  small  and  varied  over  the  range  of  2  to 
4*^  by  weight. 

The  degree  of  conversion  presented  in  Table  5  (y)  was  calculated  in  the  following  way;  the  aromatic  and 
unsaturated  hydrocarbon  contents  of  the  catalyzates  were  expressed  in  molar  percents  and  then  the  values  ob¬ 
tained  were  added. 

The  reaction-rate  constants  were  calculated  by  Equation  (2),  as  in  experiments  with  cyclohexane.  The 
constant  a  was  found  to  be  quite  invariant  in  each  of  the  series  of  experiments  with  the  hydrocarbons  studied. 

The  average  values  of  the  reaction-rate  constants  (a*  10*)  for  the  dehydrogenation  of  six-membered  naph¬ 
thenes  at  450*  on  a  chromium  catalyst,  from  the  data  in  Table  5,  are  given  below. 


Cyclohexane 

0.25 

Ethy  Icy  clohexane 

0.47 

Methylcyclohexane 

0.35 

1,3,5 -Trimethylcyclohexane 

0.54 

Di  m  ethy  Icy  cloh  ex  a  ne 

0.44 

Isopropylcyclohexane 

0.53 

If  we  consider  that  the  rate  of  cyclohexane  dehydrogenation  equals  unity,  then  the  relative  rates  of  dehy¬ 
drogenation  of  its  homologs  equal: 


Cyclohexane  • 

1 

Ethylcyclohexane 

1.9 

Methylcyclohexane 

1.4 

1,3,5  -Trim  ethylcyclohexane 

2.2 

Di  m  e  thy  Icy  cloh  ex  a  n  e 

1.8 

Isopropylcyclohexane 

2.1 

(mixture  of  isomers) 

Thus,  one  can  conclude  that  with  an  increase  in  the  molecular  weight  of  six-membered  naphthene  hydro¬ 
carbons,  the  rate  of  their  dehydrogenation  on  a  chromium  catalyst  increases  regularly. 

SUMMARY 

1.  A  study  was  made  of  the  reaction  kinetics  of  cyclohexane  dehydrogenation  on  a  chromium  catalyst  at 
410-475“  and  atmospheric  pressure. 

2.  It  was  established  that  the  rate  of  the  dehydrogenation  reaction  was  described  by  the  kinetic  equation 
for  a  monomolecular  reactlon.and  inhibited  by  the  products  of  the  latter. 

3.  It  was  shown  that  benzene  did  not  slow  down  the  reaction. 

4.  It  was  found  that  the  rate  of  dehydrogenation  of  six-membered  naphthenes  increased  regularly  with  an 
Increase  in  the  hydrocarbon's  molecular  weight. 
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A  STUDY  OF  THE  DEHYDROGENATION  OF  CYCLOHEXANE 
ON  A  CHROMIUM  CATALYST  UNDER  A  PRESSURE  OF  HYDROGEN 

G.N.  Maslianskii  and  N.R.  Bursian 


The  success  of  the  Industrial  application  of  the  catalytic  aromatization  of  hydrocarbons  over  the  last  twen¬ 
ty  years  is  closely  connected  with  the  realization  of  this  process  at  an  elevated  pressure  and  in  the  presence  of 
hydrogen  [1,2],  Despite  this,  very  few  works  [3-5]  have  been  devoted  to  studying  the  aromatization  of  individual 
hydrocarbons  on  oxide  catalysts  at  elevated  pressures.  The  kinetics  of  ddiydrogenation  of  six-membered  naph¬ 
thenes  on  these  catalysts  under  a  pressure  of  hydrogen,  in  general,  has  been  studied  little. 

The  aim  of  the  present  work  was  to  study  the  kinetic  laws  of  cyclohexane  dehydrogenation  on  a 
(Cr203/Al20|)  chromium  catalyst  at  an  elevated  pressure.* 

It  was  established  that  the  reaction  rate  was  proportional  to  the  partial  pressure  of  cyclohexane  in  the 
range  from  0.5  to  4.0  atm. 

On  the  other  hand,  increasing  the  partial  pressure  of  hydrogen  caused  a  sharp  fall  in  the  rate  of  cyclohex¬ 
ane  dehydrogenation.  Since  the  effect  of  hydrogen  pressure  was  studied  under  conditions  at  which  the  concentra¬ 
tions  of  the  reacting  materials  were  far  from  equilibrium,  one  may  conclude  that  the  reason  for  the  inhibition 
of  the  reaction  by  hydrogen  is  connected  with  the  kinetics  of  the  reaction  studied.  The  facts  established  allow 
the  reaction  rate  of  cyclohexane  dehydrogenation  at  elevated  pressures  to  be  expressed  by  a  kinetic  equation, 
allowing  for  inhibition  of  the  reaction  by  hydrogen. 

The  investigations  showed  that  the  kinetics  rules,  established  for  the  dehydrogenation  of  cyclohexane  on  a 
chromium  catalyst  at  atmospheric  pressure  [6],  remain  accurate  when  the  reaction  is  performed  at  pressures  of 
up  to  20  atm. 

It  is  noteworthy  that  despite  the  fact  that  the  chromium  catalyst  used  showed  a  high  activity  in  operation 
at  atmospheric  pressure  [6],  the  degree  of  cyclohexane  conversion  in  experiments  with  a  pressure  of  hydrogen 
was  small,  although  the  reaction  temperature  exceeded  500*.  Greensfelder,et  al.,  [5]  also  observed  a  sharp  fall 
in  hydrocarbon  aromatization  when  the  same  reaction  was  performed  over  a  chromium  catalyst  under  a  pressure 
of  hydrogen. 

Analysis  of  the  results  obtained  showed  that  the  low  degree  of  cyclohexane  conversion  in  experiments  un¬ 
der  pressure  cannot  be  ascribed  to  inhibition  of  the  reaction  by  hydrogen  alone,  but  is  also  connected  with  deac¬ 
tivation  of  the  catalyst  during  its  preliminary  treatment  with  hydrogen,  which  was  performed  at  550*  and  a  pres¬ 
sure  of  20  atm  [7]. 

Thus,  in  an  experiment  at  atmospheric  pressure  and  475“  with  a  cyclohexane  input  of  0.46  mole/min  per 
liter  of  catalyst,  26%  of  the  cyclohexane  reacted  [6].  On  the  other  hand,  calculation**  showed  that  under  the 
same  conditions, not  more  than  2%  of  the  cyclohexane  should  be  converted  on  the  portion  of  catalyst  used  in  ex¬ 
periments  under  pressure.  Thus,  portions  of  the  same  sample  of  catalyst,  used  in  experiments  at  atmospheric 
and  elevated  pressures,  differed  sharply  in  activity. 


*  Dissertation  work  of  N.R.  Bursian,  completed  in  1947. 

**The  calculation  was  carried  out  using  formula  (3)  (see  next  page)  and  the  experimentally  found  value  of  the  ap¬ 
parent  activation  energy  of  cyclohexane  dehydrogenation.  It  was  assumed  that  P  =  1  atm  and  a  =  0. 
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A  similar  deactivation  is  apparently  one  of  the  reasons  for  the  extremely  limited  use  of  chromium  catalyst 
in  present-day  aromatization  processes  [2],  which,  as  mentioned  above,  are  performed  under  a  pressure  of  hydro¬ 
gen. 


EXPERIMENTAL 

Procedures  and  Starting  Materials 

The  experiments  were  performed  in  a  flow-type  apparatus,  which  could  operate  at  high  temperatures  and 
pressures  [9].  The  catalyst  was  prepared  by  coprecipitation  of  chromium  and  aluminum  hydroxides.  The  pre¬ 
pared,  baked  catalyst  contained  20*70  Cr203  and  80*70  AI2OJ.  The  cyclohexane  was  prepared  by  hydrogena^on  of 
benzene  over  a  nickel  catalyst. 

B.p.  80.8*  (760  mm),  d/®  0.7781,  np"*®  1.4262.  Literature  data  [8]:  b.p.  80.75*(760  mm),  d4®®  0.7786, 
np”  1.4262. 

The  stability  of  the  catalyst  was  tested  by  means  of  control  experiments.  When  a  fall  in  the  activity  of 
the  catalyst  was  observed,  the  catalyst  was  regenerated.  The  regeneration  was  realized  by  passing  air  through 
the  catalyst  at  550*. 

After  regeneration,  the  catalyst  was  reduced  with  hydrogen  at  550"  and  20  atm  pressure.  The  volume  rate 
of  hydrogen  input  was  1000. 

Catalyzates  obtained  in  experiments  under  pressure  contained  some  unsaturateds.  Due  to  this,  the  amount 
of  aromatic  hydrocarbons  was  determined  by  a  dispersion  method  [10].  The  appropriate  measurements  were  per¬ 
formed  on  a  Pulfrich  refractometer.  The  unsaturated  hydrocarbon  content  was  calculated  from  the  bromine 
numbers  [11]. 

Derivation  of  Kinetic  Equation 

The  kinetics  of  cyclohexane  dehydrogenation  on  a  chromium  catalyst  were  studied  over  the  range  505-550* 
and  at  partial  hydrogen  pressures  not  exceeding  20  atm.  As  was  shown  by  V.R.  Zharkova  and  A.V.  Frost  [12], 
under  these  conditions  the  equilibrium  of  this  reaction  is  completely  displaced  toward  benzene. 

Analysis  of  the  experimental  data  showed  that  the  reaction  rate  may  be  expressed  by  an  equation,  allow¬ 
ing  for  inhibition  of  the  reaction  by  hydrogen 


w 


1  +  ^^H,  ’ 


(1) 


where  w  is  the  reaction  rate  expressed  in  the  number  of  moles  reacting  in  one  minute  on  unit  catalyst  surface, 
k  is  the  reaction  constant,  Pc^H^  partial  pressures  of  cyclohexane  and  hydrogen  and  b  is  a  co¬ 

efficient  equal  to  0.2. 

The  equation  was  transposed  and  integrated  as  A.V.  Frost  [13]  did  for  the  kinetic  equation  he  deduced. 
Substituting  the  values  of  PcgHjj  Equation  (1),  we  obtain 

w  — _ _  (2) 

\  ^a{i+bP)-\-‘i(i+bP)y  ' 

where  P  is  the  total  pressure  in  the  reactor;  y_  is  the  degree  of  cyclohexane  conversion  and  a  is  the  molar  ratio 
of  hydrogen:  cyclohexane. 

As  a  result  of  integrating,  we  find: 

■V  .  A  =  *'  =  !-+^’  [(jql-jp  -I-  a  H-  3)  In  -  3,/]  ,  (3) 

where  S  is  the  total  surface  of  the  catalyst  in  the  reactor. 
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In  determining  the  degree  of  conversion  the  portions  of  cyclohexane  converted  into  benzene  and  un- 
saturaied  hydrocarbon  were  added  together. 

We  should  note  that  despite  the  fact  that  the  experiments  under  pressure  were  performed  at  high  tempera¬ 
tures,  the  catalyzates  contained  practically  only  cyclohexane  besides  the  aromatic  and  unsaturated  hydrocarbons. 
Thus,  when  the  catalyzates  were  treated  with  98‘7o  sulfuric  acid,  the  physical  constants  of  the  unreacted  part  of 
the  catalyzate  agreed  with  those  of  the  starting  cyclohexane. 

TABLE  1 

Effect  of  Volume  Rate  and  Temperature  on  the  Dehydrogenation  of  Cyclo¬ 
hexane  (Chromium  catalyst  —  sample  1) 


Exptl.  conditions 

Analysis  results 
(in  wt.  *7o) 

Cyclo¬ 

hexane 

reacted 

(mole  *70) 

h'  ■  to* 

temperature 

operating 

pressure 

(atm) 

4-* 

.IjS-c 

«  g  E 

K  «  u, 

U  So- 

o 

'C 

2  a 

.3  ou 

5  Vi 

E  X 

unsatu- 

rateds 

aro¬ 

matics 

550° 

6 

24.64 

4.5 

5.5 

6.3 

12.2 

6.0 

550 

H 

12.32 

4.2 

6.5 

15.2 

22.7 

5.8 

550 

(i 

6.16 

3.4 

6.9 

33.8 

42.3 

5.7 

505 

() 

12.32 

4.4 

3.8 

1.8 

5.4 

1.2 

505 

6 

6.16 

4.3 

5.3 

7.9 

13.8 

(1.6) 

.")05 

6 

3.08 

3.8 

6.2 

11.0 

18.0 

1.2 

505 

11 

3.85 

9.7 

3.3 

6.5 

10.4 

1.25 

520 

11 

6.16 

9.9 

4.5 

6.2 

11.2 

2.2 

535 

11 

9.8 

10.0 

3.5 

7.0 

11.4 

3.6 

550 

11 

15.7 

9.8 

1 

4.9 

6.4 

11.8 

5.9 

TABLE  2 

Effect  of  Cyclohexane  Partial  Pressure  (Chromium  catalyst  -  sample  1,  520*) 


Experimental  conditions 

Analysis  results 
(in  weight  °/o) 

Cyclo¬ 
hexane 
reacted 
(mole  %) 

k'  •  10* 

operat¬ 

ing 

pressure 

(atm) 

CsHjj 

input 
(mmole 
per  min) 

molar 

ratio 

H2 :  CsHjj 

partial  pressure 
fin  atm) 

unsat- 

urateds 

aro¬ 

matics 

C,I1„ 

11, 

6 

6.16 

4.7 

I.O 

5.0 

3.5 

10.2 

14.5 

1.9 

5.5 

3.08 

8.5 

0.6 

4.9 

4.9 

12.7 

18.5 

2.3 

8 

18.48 

1.5 

3.2 

4.8 

4.4 

9.4 

14.5 

2.0 

9 

24.64 

1.2 

4.1 

4.9 

44 

9.5 

14.5 

2.1 

6 

6.16 

4.8 

1.0 

5.0 

4.6 

9.4 

14.8 

2.0 

The  effect  of  volume  rate  and  temperature  was  studied  at  a  pressure  of  6  atm.  Examination  of  the  data 
presented  in  Table  1  shows  that  with  a  decrease  in  the  volume  rate,  the  benzene  content  of  the  catalyzate  rapidly 
increased.  Simultaneously,  there  was  also  an  increase  in  the  unsaturated  hydrocarbon  content,  but  considerably 
more  slowly.  At  low  degrees  of  cyclohexane  conversion,  the  amount  of  unsaturated  hydrocarbon  formed  notice¬ 
ably  exceeded  the  amount  of  benzene.  With  an  increase  in  the  degree  of  conversion,  the  ratio  between  the  un¬ 
saturated  hydrocarbon  and  benzene  sharply  decreased. 

Using  the  data  in  Table  1,  we  calculated  the  constants  k*,  which  remained  quite  steady  while  the  degree 
of  conversion  changed  from  5.4  to  42.5*70. 

To  elucidate  the  effect  of  temperature  on  the  rate  of  dehydrogenation,  experiments  were  performed  at 
temperatures  of  505,  520,  535  and  550"  and  a  pressure  of  11  atm. 
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The  average  values  of  the  reaction-rate  constant  gave  a  good  straight 
line  for  a  plot  of  logk*  against  l/T. 

The  value  found  for  the  apparent  activation  energy  of  cyclohexane 
dehydrogenation  on  a  chromium  catalyst  was  45,000  cal/mole,  i.e.,  close 
to  the  value  obtained  in  experiments  at  atmospheric  pressure  [6]. 

The  effect  of  cyclohexane  partial  pressure  on  the  reaction  rate  was 
studied  at  520”.  The  partial  pressure  of  cyclohexane  was  varied  over  the 
range  from  0.6  to  4.1  atm,  while  the  partial  pressure  of  hydrogen  was 
kept  constant. 

The  results  obtained  are  given  in  Table  2  and  show  that  with  a  si¬ 
multaneous  and  proportional  increase  in  the  cyclohexane  partial  pressure 
and  the  volume  rate  of  hydrocarbon  input,  the  degree  of  conversion  re¬ 
mained  practically  constant.  This  indicates  that  the  reaction  rate  is  pro¬ 
portional  to  the  partial  pressure  of  cyclohexane. 

The  fact  indicated  is  reflected  in  kinetic  equation  (1),  according 
to  which,  at  a  constant  hydrogen  partial  pressure,  the  reaction  rate  should 
increase  proportionally  to  the  increase  in  the  cyclohexane  partial  pressure.  The  applicability  of  Equation  (1)  is 
confirmed  by  the  fact  that  the  rate  constants,  calculated  by  Equation  (3),  remained  quite  constant  when  the  cy¬ 
clohexane  partial  pressure  was  changed  from  0.6  to  4.1  atm  (Table  2). 

The  effect  of  hydrogen  partial  pressure  on  the  reaction  rate  was  studied  in  a  series  of  experiments  at  520*. 
The  experiments  were  performed  at  practically  constant  cyclohexane  partial  pressure.  The  hydrogen  partial 
pressure  was  varied  over  the  range  from  1.9  to  20  atm.  The  results  of  the  experiments  are  given  in  Table  3  and 
illustrated  in  the  figure.  Examination  of  these  results  leads  to  the  conclusion  that  the  aromatic  and  unsaturated 
hydrocarbon  content  of  the  catalyzates  falls  sharply  with  an  increase  in  the  hydrogen  partial  pressure.  Corres¬ 
pondingly,  the  total  amount  of  cyclohexane  conversion  also  decreased.  Thus,  when  a  hydrogen  partial  pressure 
of  from  1.9  to  20  atm  was  used,  the  degree  of  cyclohexane  conversion  changed  from  22.8  to  7.2*^  Hence,  the 
dehydrogenation  of  cyclohexane  is  inhibited  by  hydrogen. 


TABLE  3 

Effect  of  Hydrogen  Partial  Pressure  (Chromium  catalyst  —  sample  1,  520*) 


Experimental  conditions 

Analysis  results 
fin  weight  ^lo) 

Cyclo¬ 
hexane 
reacted 
(mole  %) 

h'  •  W 

operating 

pressure 

in  atm. 

,2  <u  t 

«|e 

W  pc 

u 

o 

'd  g 

2  X 

S  u 

.E  K 

partia 
presst 
(in  at 

C.H„ 

1 

re 

m)  _ 

H, 

unsat- 

urateds 

ato- 

matics 

6 

6.16 

4.5 

1.1 

4.9 

3.8 

11.5 

16.1 

2.0 

3 

6.16 

1.8 

1.1 

1.9 

6.0 

1.5.8 

22.8 

2.3 

11 

6.16 

9.0 

1.1 

9.9 

3.9 

7.2 

11.6 

2.1 

21 

6.16 

21.0 

1.0 

20.0 

2.9 

4.0 

7.2 

2.4 

6 

6.16 

4.0 

1.2 

4.8 

3.8 

11.5 

16.1 

2.0 

As  the  data  in  Table  3  show,  the  reaction-rate  constants,  calculated  by  Equation  (3),  remain  quite  con¬ 
stant  for  this  series  of  experiments  also. 

SUMMARY 

1.  A  study  was  made  of  the  reaction  kinetics  of  cyclohexane  dehydrogenation  on  a  chromium  catalyst 
(Cr205/Al20^)  at  505-550*  and  at  hydrogen  pressures  of  from  1.9  to  20  atm. 
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Hydrogen  pressure  (atm) 

Effect  of  hydrogen  pressure  on 
the  rate  of  cyclohexane  dehy¬ 
drogenation. 


2.  It  was  established  that  when  the  cyclohexane  partial  pressure  was  changed  from  0.6  to  4.1  atm,  the  re¬ 
action  rate  was  proportional  to  the  partial  pressure  of  this  hydrocarbon. 

3.  It  was  found  tliat  increasing  the  hydrogen  partial  pressure  led  to  a  decrease  in  the  cyclohexane  dehydro¬ 
genation  rate. 

4.  It  was  established  that  the  value  of  the  apparent  activation  energy  of  cyclohexane  dehydrogenation  was 
45,000  cal/mole. 
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ALKYLATION  OF  ISOPROPYLBENZENE  BY  PSEUDOBUTYLENE 


IN  THE  PRESENCE  OF  BFj’HjPO^ 
S.V.  Zavgorodnii  and  L.S.  Shvetsova 


In  a  previous  paper  [1]  it  was  shown  that  the  molecular  compound  BFs*  HjPO^  was  an  extremely  efficient 
catalyst  for  the  alkylation  of  benzene  with  pseudobutylene.  In  developing  these  investigations,  we  studied  the 
reaction  of  isopropylbenzene  with  pseudobutylene  in  the  presence  of  the  same  catalyst. 

As  the  investigations  showed,  pseudcbutylene  alkylated  isopropylbenzene  with  much  more  difficulty  than 
benzene  under  corresponding  conditions  and  the  alkylation  products  were  formed  in  lower  yields.  The  secondary 
butyl  radical  was  directed  to  a  large  extent  into  the  para  position.  As  a  result,  a  mixture  of  isopropyl -sec -butyl- 
benzenes  was  formed,  consisting  of  approximately  91*70  of  the  para  isomer  and  Sfo  of  the  ortho  isomer.  The  rela¬ 
tive  amount  of  these  in  the  alkylate  was  68-85*70.  The  optimal  alkylation  conditions,  under  which  the  isopropyl- 
sec -butylbenzenes  were  obtained  in  62-65*7)  yield  and  a  relative  content  in  the  alkylate  of  80-84*7),  were  a  molar 
ratio  of  isopropylbenzene,  pseudobutylene  and  catalyst  of  3-3,5 : 1 :  0.2-0.3,  a  temperature  of  50-60*  and  a  pseudo¬ 
butylene  input  of  1.6-2. 5  liters/hour. 

Increasing  the  amount  of  catalyst  to  0.5  mole  under  the  same  conditions  lowered  the  yield  of  isopropyl- 
sec -butylbenzenes  to  52*7o  of  the  theoretical  and  their  content  in  the  all^late  to  73*7a  An  alkylation  with  a  ratio 
of  reagents  and  catalyst  of  2  : 1 :  0.3  and  a  temperature  of  50*  proceeded  similarly.  The  use  of  more  than  3  moles 
of  isopropylbenzene  per  mole  of  pseudobutylene  gave  isopropyl-sec-butylbenzene  yields  lower  than  the  optimal, 
even  when  0.4  mole  of  catalyst  was  used  per  mole  of  pseudobutylene. 

Temperature  had  a  noticeable  effect  on  the  yield  of  isopropyl -sec -butylbenzenes  and  the  relative  amount 
of  them  in  the  alkylate.  This  effect  was  studied  at  isopropylbenzene,  pseudobutylene  and  catalyst  ratios  of 
2:1:  0.2.  The  alkylation  proceeded  very  slowly  at  room  temperature.  Raising  the  temperature  from  20  to  60“ 
accelerated  the  alkylation  process  and  increased  the  yield  of  isopropyl -sec -butylbenzenes,  but  lowered  their 
relative  content  in  the  alkylate  due  to  the  accumulation  of  polyalkylbenzenes  in  the  alkylate.  Thus,  for  exam¬ 
ple,  at  20,  30-35  and  50-60*,  the  isopropyl -sec -butylbenzenes  were  obtained  in  yields  of  18,  47  and  55*70  of  the¬ 
oretical,  respectively,  and  relative  contents  in  the  alkylate  of  82,  79  and  76*7),  respectively.  At  100*  the  pseudo¬ 
butylene  was  poorly  absorbed  in  the  reaction  mixture;  the  catalyst  partially  decomposed  and  gradually  lost  its 
activity  and  the  isopropyl -sec -butylbenzenes  were  obtained  in  very  poor  yield. 

EXPERIMENTAL 

The  isopropylbenzene  used  was  the  freshly  distilled  technical  product  with  b.p.  149-150*,  d^*®  0.8602,  and 
nj)*®  1.4910.  The  preparation  of  the  other  starting  materials  was  described  previously  [1]. 

Isopropylbenzene  was  alkylated  with  pseudobutylene  in  the  apparatus  and  by  the  procedure  which  was 
used  for  the  alkylation  of  benzene  [1].  The  reaction  induction  period  varied  from  15  to  25  minutes.  After  ap¬ 
propriate  treatment  and  drying,  the  alkylate  was  distilled  separately  for  each  experiment.  The  isopropyl-sec- 
butylbenzene  fraction  was  collected  over  a  range  of  4-5*.  Then  the  fractions  from  all  the  experiments,  presented 
in  the  Table,  were  combined  and  distilled  on  a  column  of  25-30  theoretical  plates.  The  isopropyl -sec -butyl¬ 
benzenes  distilled  almost  completely  at  57.5-58.5*  at  2  mm.  Oxidation  of  them  with  30*7)  nitric  acid  gave  tere- 
phthalic  and  orthophthalic  acids  in  yields  of  46.1  and  4.6*7),  respectively.  The  terephthalic  acid  was  identified 
by  converting  it  to  its  dimethyl  ester  and  the  orthophthalic  acid  as  fluorescein. 
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Alkylation  of  Isopropylbenzene  With  Pseudobutylene  in  the  Presence  of  BFj-  H3PO4 


Expt. 

No. 

Molar  ratios 
of  isopro¬ 
pylbenzene, 
pseudobu- 
cylene  and 

catalyst 

Temperature 

Rate  of 
pseudobu- 
tylene  in¬ 
troduction 
(liters /hr) 

Isopropyl -se 
zenes 

yield 
(in  %) 

c-butylben- 

relative 
percent  in 
alkylate 

1 

5 

1 

0.4 

20-30° 

1.8 

31.0 

78.5 

2 

4 

1 

0.4 

up  to  50 

2.5 

51.9 

72.9 

3 

4 

1 

0.2 

50—55 

2.5 

58.3 

81.1 

4 

3.5 

1 

0.2 

50-60 

3.0 

65.5 

84.1 

5 

3 

1 

0.5 

up  to  50 

1.2 

51.9 

72.9 

6 

3.1 

0 

0.35 

up  to  50 

1.6 

55.4 

74.6 

7 

3 

1 

0.3 

50-55 

1.6 

62.1 

80.3 

« 

3 

1 

0.3 

30-35 

1.7 

50.9 

75.6 

9 

3 

1 

0.2 

50-60 

3.4 

56.4 

85.1 

10 

3 

1 

0.1 

up  to  30 

1.6 

12.2 

73.7 

11 

2 

1 

0.5 

50-55 

2.6 

46.5 

74.3 

12 

2 

1 

0.3 

up  to  50 

1.6 

52.8 

71.8 

13 

2 

1 

0.2 

up  to  20 

2.4 

17.7 

81.7 

14 

2 

1 

0.2 

30-35 

1.8 

47.4 

78.6 

15 

2 

1 

0.2 

50-60 

3.0 

51.9 

76.4 

16 

2 

1 

0.2 

80 

1.8 

49.4 

73.3 

17 

2 

1 

0.15 

up  to  40 

2.6 

40.9 

84.6 

18 

2 

1 

0.1 

50-60 

2.6 

32.3 

81.1 

19 

1 

1 

0.5 

up  to  55 

2.0 

50.3 

70.2 

10 

1 

1 

0.3 

30-35 

1.6 

44.1 

70.1 

21 

1 

1 

0.3 

up  to  55 

2.4 

56.9 

78.0 

22 

1 

1 

0.2 

up  to  60 

2.8 

42.4 

67.7 

23 

1 

1 

0.1 

25-30 

3.0 

27.1 

70.2 

24 

1 

1 

0.1 

up  to  50 

2.4 

32.6 

78.5 

On  the  basis  of  these  data  and  the  assumption  that  0-  and  p-isopropyl-sec.-butylbenzenes  have  the  same 
tendency  for  oxidation  by  30%  nitric  acid,  we  can  consider  that  our  product  was  p-isopropyl-sec.-butylbenzene, 
containing  about  9%  of  o-isopropyl-sec.-butylbenzene.  It  was  a  colorless  liquid  with  a  pleasant  smell. 

d/®  0.8589,  n0*®  1.4876,  MRp  59.14;  calc.  58.63.  Literature  data  for  isopropyl-sec. -butylbenzene,  with 
the  position  of  the  alkyl  groups  not  defined  [2]:  b.p.  223-227",  d^f®  0.8590,  np*®  1.4910. 

Found  %:  C  88.66,  88.66;  H  11.46,  11.38.  M  176.5,  174.8.  CigHjo.  Calculated  %  C  88.55;  H  11.45; 

M  176.3. 

After  autooxidation  of  26.5  g  of  isopropyl -sec. -butylbenzene  (first  treated  with  concentrated  sulfuric  acid) 
with  atmospheric  oxygen  in  the  presence  of  1  mg  of  manganese  resinate  and  80  mg  of  calcium  hydroxide  at 
110*  for  15  hours,  53.9%  of  hydroperoxides  were  determined  in  the  reaction  mixture  iodometrically.  Acid 
cleavage  of  these  hydroperoxides  yielded  p-isopropylphenol  and  methyl  ethyl  ketone.  p-Isopropylphenoxyacetic 
acid  was  prepared  from  the  p-isopropylphenol  and  the  2,4-dinitrophenylhydrazone  from  the  methyl  ethyl  ketone. 
The  constants  of  these  agreed  with  literature  data.  The  oxidation  products  of  o-isopropyl-sec.-butylbenzene 
were  not  detected. 


SUMMARY 

A  study  was  made  of  the  alkylation  of  isopropylbenzene  with  pseudobutylene  in  the  presence  of  BFj*HjPQ4. 
The  effect  of  different  molar  ratios  of  reagents,  catalyst  concentrations  and  temperatures  in  the  range  20-100* 
on  the  reaction  was  demonstrated. 

Conditions  were  found  under  which  isopropyl-sec. -butylbenzene  was  obtained  in  62-65% yield.  The  mix¬ 
ture  of  isopropyl-sec. -butylbenzenes  contained  approximately  91%  of  p-  and  9%  of  o-isopropyl -sec. -butylben¬ 
zene. 
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DERIVATIVES  OF  BEN  Z -(c .  d  )  -  IN  DOL  IN  E 


I.  THIONAPHTHOSTYRYL  AND  N-METHYLTHIONAPHTHOSTYRYL 

N.S.  Dokunikhin  and  L.A.  Gaeva 


The  chemistry  of  benz-(c,d)-indole  has  been  little  studied  [1].  It  has  only  attracted  some  attention  from 
investigators  recently  in  connection  with  determining  the  structure  of  lysergic  acid  —  a  decomposition  product 
of  ergot  alkaloids.  Unsubstituted  benz-(c,d)-indole  is  unknown.  Attempts  to  synthesize  it  did  not  give  positive 
results  [2].  Benz-(c,d)-indollne  was  prepared  in  1950  by  treating  naphthostyryl  (I)  with  LiAlH^  in  ethylmorpholine 
[3].  The  latter  attracted  the  attention  of  investigators  as  the  lactam  of  1,8-aminonairfithoic  acid  —  an  intermedi¬ 
ate  in  the  synthesis  of  vat  dyes  of  the  anthanthrone  series  [4].  We  obtained  the  thioanalog  of  naphthostyryl  — 
2-thionebenz-(c,d)-indoline  (II)  —  previously,  by  treating  1 -naphthyl  isothiocyanate  with  AICI5  [5].  It  seemed 
Interesting  to  investigate  the  possibility  of  another  mode  of  synthesis  of  this  compound  and  its  N-alkyl  substituted 
derivatives,  which  could  not  be  obtained  by  isomerization  of  isothiocyanates. 

Thionaphthostyryl  (II)  was  obtained  from  naphthostyryl  (I)  by  heating  the  latter  with  P2S5  in  xylene. 


(I)  (II)  (Ila) 


The  acid  properties  shown  by  thionaphthostyryl  indicated  that  it  had  the  isomeric  structure  (Ila);  however, 
the  infrared  spectrum  of  the  crystals  showed  an  absorption  band  corresponding  to  NH  (v  3110  cm"^). 

Replacement  of  oxygen  by  sulfur  was  also  possible  for  N-methylnaphthostyryl  (III).  The  known  method  of 
preparing  (III)  is  by  the  action  of  methylamine  on  1,8-chloronaphthoic  acid  [6].  We  were  able  to  methylate 
naphthostyryl  directly  with  dimethyl  sulfate  in  aqueous  alkali  and  with  methyl  benzenesulfonate  in  trlchloroben- 
zene. 


(I)  (III)  (IV) 


Data  on  the  light  absorption  of  the  substances  synthesized  are  given  in  the  Table:  solutions  in  mrxylene 
were  examined  on  an  SF-4  spectrophotometer. 

Replacement  of  the  oxygen  by  sulfur  produced  an  intense  absorption  band  with  a  maximum  at  about  435 
mp  and  the  absorption  band  with  a  maximum  at  320  m/i  disappeared. 
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Sub¬ 

stance 

^max 
ni  [x 

f  •  10-‘ 

tn  (x 

t  •  10-* 

^max 
in  {X 

.10-* 

\nax 
m  (X 

•  •  10-* 

^max 

m  pi 

t  ■  10-* 

(I) 

320 

0.25 

335 

0.35 

359 

0.35 

(II) 

290 

0.65 

360 

0.16 

434.5 

0.95 

(III) 

290 

0.37 

320 

0.22 

335 

0.29 

370 

0.28 

(IV) 

300 

0.68 

343 

0.33 

360 

0.52 

435 

1.11 

EXPERIMENTAL 


Thionaphthylstyryl  [2-thionebenz-(c,d)-indollne].  2.5  g  of  naphthostyryl  and  3.2  g  of  phosphorus  penta- 
sulfide  in  60  ml  of  xylene  were  stirred  for  three  hours  at  130“,  cooled  and  filtered.  The  filtrate  (in  several  por¬ 
tions)  was  treated  with  500  ml  of  2*1!?>  aqueous  NaOH.  The  thionaphthostyryl  was  isolated  from  the  aqueous  layer 
with  hydrochloric  acid.  The  yield  was  1.84  g  (67.2'7o)  and  the  m.p.  152-157*.  After  recrystallization  from  ben¬ 
zene,  the  substance  had  m.p.  156.6-157.6*.  It  was  identical  with  the  substance  obtained  from  1-naphthyl  iso¬ 
cyanate  [5]. 

N-Methylnaphthostyryl  [l-methylbenz-(c,d)-indolin-2-one].  5.0  g  of  naphthostyryl  was  added  to  a  solu¬ 
tion  of  12  g  of  NaOH  in  50  ml  of  water.  Over  a  period  of  two  hours,  14  ml  of  dimethyl  sulfate  was  added  at 
40-42*,  the  mixture  was  stirred  for  a  further  one  hour  and  the  product  filtered  and  washed  with  water.  The  greasy 
precipitate  was  dissolved  in  ether,  separated  from  the  water  and  dried  and  the  ether  evaporated.  The  residue 
(about  5  ml)  was  cooled,  filtered  and  the  precipitate  recrystalllzed  from  benzine.  The  yield  of  (III)  was  1.65  g 
(30.4%)  and  the  m.p.  77.0-79.2*  (72-75*  [6]). 

Found  Ik  C  78.47,  78.68;  H  4.95,  4.81;  N  7.41,  7.31.  CfilljON.  Calculated  %c  C  78.68;  H  4.91;  N  7.65. 

5.0  g  of  naphthostyryl  and  9.0  g  of  K2COJ  in  25  ml  of  trichlorobenzene  was  heated  to  150*  and  a  mixture 
of  15  ml  of  methyl  benzenesulfonate  and  15  ml  of  trichlorobenzene  added  over  a  period  of  four  hours.  The  mix¬ 
ture  was  filtered  and  the  trichlorobenzene  distilled  from  the  filtrate, in  steam.  The  residue  was  extracted  with 
ether  and  dried  and  the  ether  distilled  off  completely.  The  yield  of  (III)  was  1.7  g  (31.3%).  After  recrystalliza¬ 
tion  from  15  ml  of  benzine,  the  substance  had  m.p.  77.8-79.8*. 

N-Metliylthionaphihostyryl  [l-methyl-2-thionebenz-(c,d)-indoline]  (IV).  1.65  g  of  N-methylnaphthostyryl 
and  2.0  g  of  phosphorus  pentasulfide  in  30  ml  of  xylene  were  stirred  at  130*  for  four  hours.  The  reaction  mixture 
was  filtered,  half  the  xylene  distilled  off  from  the  filtrate,  the  precipitated  tars  separated  and  the  xylene  dis¬ 
tilled  off  completely.  The  residue  (1.1  g)  melted  at  90-120*.  After  two  recrystallizations  from  alcohol,  the 
yellow  needles  had  m.p.  127.2-130.4*. 

Found  %:  C  71.91,  71.81;  H  4.47,  4.62;  N  6.77,  6,84;  S  16.04.  CuHjNS.  Calculated  %  C  72.36; 

H  4.53;  N  7.03;  S  16.08. 

We  would  like  to  thank  D.N.  Shigorin  and  E.S.  Levin  for  the  optical  measurements. 

SUMMARY 

1.  Treatment  of  naphthostyryl  and  N-methylnaphthostyryl  with  phosphoms  pentasulfide  gave  thionaphtho¬ 
styryl  and  N-melhylthionaphthostyryl. 

2.  N-Methylnaphthostyryl  was  prepared  by  methylation  of  naphthostyryl. 
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THE  PREPARATION  OF  o -NITROSOPHENOL  FROM  SALICYLIC  ACID 


A. A.  Nemodruk 


o-Nitrosophenol  is  a  valuable  analytical  reagent  for  the  determination  of  copper  [1-3],  cobalt  [4]  and  di¬ 
valent  Iron  [5],  The  methods  of  determining  the  elements  listed  using  o-nitrosophenol  are  distinguished  by  high 
selectivity  and  great  sensitivity.  For  example,  in  determining  Fe^^  with  o-nitrosophenol,  the  sensitivity  is  three 
times  greater  than  the  determination  with  a,a*-dipyrldyl  [5].  There  are  also  reports  of  the  successful  use  of  o- 
nltrosophenol  for  determining  mercury,  nickel,  palladium  and  zinc  [5,  6]. 

The  difficulty  of  its  preparation  is  an  obstacle  to  the  wide  use  of  o-nitrosophenol  as  an  analytical  reagent. 

o-Nitroso phenol  was  first  prepared  by  Baeyer  and  Knorr  [7]  from  o-nitrosoanisole  by  hydrolyzing  it  with 
boiling  KHSO4  solution.  Due  to  the  low  yield  of  o-nitrosophenol  and  the  poor  availability  of  the  starting  o-nitro- 
soanlsole,  a  series  of  attempts  was  made  to  prepare  o-nitrosophenol  by  other  methods.  In  particular,  prepara¬ 
tions  were  put  forward  for  o-nitrosophenol  from  the  p-toluenesulfonic  ester  of  o-nitrophenol  [8]  and  then  from 
o-nitroanisole  [1]  by  treatment  with  amyl  nitrite  in  an  aqueous  alcohol  solution  in  the  presence  of  ammonia  and 
zinc  dust.  The  o-methoxynltrosophenyUiydroxylamine  formed  precipitated  as  a  complex  copper  salt,  which  was 
treated  with  lime  in  boiling  xylene  and,  after  acidification  of  the  mixture,  the  o-nitrosophenol  formed  was  ex¬ 
tracted  with  petroleum  ether. 

o-Nitrophenol  was  also  proposed  as  a  starting  material  for  the  preparation  of  o-nltrosophenol  [2].  Later, 
a  series  of  variations  was  proposed  for  the  preparation  of  o-nitrosophenol  directly  from  benzene  [9-11]  using 
copper  acetate,  potassium  nitrite  and  hydrogen  peroxide  or  ammonium  pentacyanoferroate,  hydroxylamine  and 
hydrogen  peroxide. 

Although  these  methods  differed  from  the  preceding  ones  in  great  simplicity  and  ready  availability  of 
starting  materials,  as  before,  their  fault  was  the  insignificant  yield  of  o-nitrosophenol. 

A  preparation  for  o-nitrosophenol  is  also  described  —  by  treatment  of  phenol  with  hydroxylamine 
hydrochloride  in  the  presence  of  copper  acetate  and  hydrogen  peroxide  [12].  The  main  reaction  product  in  this 
case  is  p-nitrosophenol  and  only  an  insignificant  amount  of  o-nitrosophenol  is  formed. 

The  author  recently  showed  that  when  salicylic  acid  was  treated  with  nitrous  acid  in  an  acetic  acid  me¬ 
dium,  a  nitroso  group  was  introduced  into  the  salicylic  acid  in  place  of  the  carboxyl  group  with  the  evolution 
of  COj  and  the  formation  of  o-nitrosophenol,  which  then  reacted  with  the  nitrous  acid  to  form  o-diazophenol, 
the  main  reaction  product  [13].  Such  a  course  of  the  reaction  is  explained  by  the  fact  that  the  stage  of  o-nitro¬ 
sophenol  formation  is  slower  than  the  subsequent  conversion  to  o-diazophenol.  If  the  reaction  is  performed  in 
the  presence  of  copper  salts,  then  the  o-nitrosophenol  immediately  reacts  with  the  Cu^  and  is  bound  as  a  stable 
copper  complex  salt.  In  contrast  to  o-nitrosophenol  itself,  the  complex  shows  no  tendency  for  further  reaction 
with  nitrous  acid. 

In  addition,  o-nitrosophenol  is  not  stable  in  aqueous  solutions, while  its  complex  copper  salt  has  quite  high 
stability.  Due  to  this,  almost  all  the  o-nitrosophenol  is  accumulated  in  the  reaction  mixture  as  the  complex 
copper  salt.  At  the  end  of  the  reaction,  the  complex  copper  salt  of  o-nitrosophenol  is  decomposed  with  dilute 
hydrochloric  acid  and  the  free  o-nitrosophenol  extracted  with  petroleum  ether.  Saturation  of  the  extract  with 
ammonia  gas  precipitates  the  o-nitrosophenol  as  the  ammonium  salt.  The  o-nltrosophenol  yield  is  about  65%. 

Up  to  10%  of  5-diazosalicyllc  acid  (calculated  on  the  original  salicylic  acid)  was  found  among  the  reaction 
products.  Thus,  the  nitrosation  of  the  complex  copper  salt  of  salicylic  acid  is  different  from  that  of  the  complex 
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aluminum,  chromium  and  zinc  salts  of  salicylic  acid,  described  previously  [14].  In  comparison  with  these,  the 
complex  copper  salt  of  salicylic  acid  has  considerably  less  reactivity  in  nitrosation  reactions.  Nitrosation  of  the 
complex  copper  salt  of  salicylic  acid  is  more  similar  to  nitrosation  of  free  salicylic  acid.  The  difference  is 
only  that  in  this  case,  the  o-nitrosophenol  formed  combines  immediately  with  Cu^  in  a  stable  complex  com¬ 
pound,  in  which  the  nitroso  group  is  shielded  from  further  reaction  with  nitrous  acid.  On  the  other  hand,  in  the 
complex  copper  salt  of  5-nitrososalicylic  acid  formed,  the  nitroso  group  is  not  shielded  from  further  reaction 
with  nitrous  acid  and  hence  it  is  readily  converted  into  the  complex  copper  salt  of  5-diazosalicylic  acid.  Since 
the  complex  copper  salt  of  5-nitrososalicylic  acid  is  formed  very  slowly  from  the  complex  copper  salt  of  sali¬ 
cylic  acid  and  then  its  conversion  into  the  complex  copper  salt  of  5-diazosalicylic  acid  proceeds  at  a  consider¬ 
ably  greater  rate,  the  content  of  complex  copper  salt  of  5-nitrososalicylic  acid  of  the  reaction  mixture  does  not 
exceed  2,%  calculated  on  the  original  salicylic  acid. 

Papers  stating  that  5-nitrososalicylic  acid  is  formed  in  97*70 yield  by  treatment  of  the  complex  copper  salt 
of  salicylic  acid  with  nitrous  acid  [15-17]  are  inconect. 

EXPERIMENTAL 

Preparation  of  o-nitrosophenol.  4  g  of  sodium  salicylate  was  dissolved  in  50  ml  of  water  and  5  g  of  NaN02 
was  added,  followed  by  10  g  of  copper  sulfate,  dissolved  in  50  ml  of  water  and  2.5  ml  of  glacial  acetic  acid.  The 
yellow -green  solution  was  heated  to  50-55*  and  kept  at  this  temperature  for  six  hours.  The  solution  color  changed 
from  yellow-green  and  became  an  intense  red.  At  the  same  time  a  dark-red  precipitate  formed.  The  reaction 
mixture  was  kept  at  20-25*  for  12  hours.  Then  20  ml  of  a  10*70  sulfamic  acid  solution  was  added  to  remove  the 
unreacted  nitrous  acid.  After  5-10  minutes,  50  ml  of  dilute  (1: 1)  hydrochloric  acid  was  added  to  decompose 
the  complex  copper  salt  of  o-nitrosophenol  formed.  The  latter  was  extracted  with  petroleum  ether  (3*  50  ml). 

The  ether  extract  was  washed  twice  with  water  to  remove  traces  of  hydrochloric  acid.  The  solution  of  o-nitro¬ 
sophenol  obtained  was  quite  pure  and  could  be  used  directly  for  analytical  purposes. 

The  solution  of  o-nitrosophenol  in  petroleum  ether  could  be  stored  at  room  temperature  without  notice¬ 
able  change  for  3-4  days  and  at  0*  for  up  to  two  weeks.  The  o-nitrosophenol  itself  could  not  be  isolated  in  a 
large  amount  as  it  decomposed  extremely  rapidly,  going  partly  to  o-nitrophenol  and  partly  to  unknown  products. 

In  addition,  due  to  its  extremely  high  volatility,  a  considerable  part  of  it  was  lost  during  the  evaporation  of  the 
petroleum  ether.  After  evaporation  of  a  petroleum  ether  solution  of  o-nitrosophenol  on  a  clock  glass,  light, 
greenish -yellow  needle-like  crystals  of  pure  o-nitrosophenol  were  left  and  these  had  a  characteristic  sharp  smell. 
To  determine  the  o-nitrosophenol  yield,  the  substance  was  extracted  completely  with  petroleum  ether  (until 
there  was  no  longer  a  positive  reaction  when  l*7o  copper  sulfate  solution  was  added  to  0.5-1  ml  of  extract).  The 
whole  extract  was  collected  in  a  graduated  flask  of  250-ml  capacity  and  made  up  to  the  mark  with  petroleum 
ether.  5  ml  of  1  N  NaOH  solution  was  added  to  10  ml  of  the  organic  solution,  the  mixture  shaken  thoroughly 
and  the  aqueous  layer  separated.  The  extraction  was  repeated  with  a  fresh  portion  of  NaOH.  The  o-nitrosophenol 
content  of  the  aqueous  solution  obtained  was  determined  by  titration  with  vanadous  sulfate  [17].  The  yield  of 
o-nitrosophenol  was  65*7»,  calculated  on  the  sodium  salicylate. 

By  reaction  with  alkaline  solutions  of  resorcinol  and  l,8-aminonaphthol-3,6-disulfonic  acid  to  form  the 
azo  dyes,  it  was  established  that  the  reaction  mixture, after  separation  of  the  o-nitrosophenoL  contained  a  diazo 
compound.  The. diazo  compound  was  determined  quantitatively  by  Hantzsch's  method  [18].  For  this,  the  reac¬ 
tion  mixture  (after  separation  of  the  o-nitrosophenol)  was  transferred  to  a  250-ml  graduated  flask  and  diluted  to 
the  mark  with  water  and  25  ml  of  this  solution  (solution  A)  was  used  for  each  determination.  The  amount  of  di¬ 
azo  compound  found  was  9.4*^  (calculated  on  the  sodium  salicylate). 

When  50  ml  of  solution  A  (first  neutralized  with  soda  was  treated  with  0.8  g  of  resorcinol)  dissolved  in 
10  ml  of  10*]fc  soda  solution,  the  azo  dye  formed  was  extracted  with  ethyl  ether  after  acidification  and  then  the  ether 
extract  obtained  passed  through  a  column  filled  with  chromatographic  grade  aluminum  oxide,  two  different  azo 
compounds  were  obtained.  One  of  these  was  identified  by  the  light  absorption  curve  in  aqueous  solutions  as 
2,2',4-trihydroxyazobenzene  and  the  other  as  2,4,4' -trihydroxyazobenzene -3* -carboxylic  acid.  The  yields  of 
these,  determined  by  titration  with  VSO4  solution  [17],  were  2.7  and  6.9*7>.  respectively,  calculated  on  the  so¬ 
dium  salicylate. 

A  nitroso  compound,  which  differed  from  o-nitrosophenol  in  that  it  was  not  extracted  with  petroleum  ether, 
but  was  readily  extracted  with  ethyl  ether,  was  detected  in  solution  A  by  a  well-known,  qualitative  test  [9].  It 
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was  isolated  from  the  mixture  by  chromatography  of  the  ether  solution  on  aluminum  oxide.  The  amount  of  it, 
determined  according  to  [17],  was  1.2*70  (calculated  on  the  sodium  salicylate).  After  reduction  with  zinc  dust 
in  hydrochloric  acid,  the  amino  compound  formed  was  diazotized  and  coupled  with  resorcinol.  The  azo  com¬ 
pound  obtained  was  identified  by  the  light  absorption  curve  as  2,4,4’ -trihydroxyazobenzene-3 -carboxylic  acid. 
Consequently,  when  the  complex  copper  salt  of  salicylic  acid  was  treated  with  nitrous  acid  under  the  conditions 
described,  it  yielded  65*70  of  o-nitrosophenol,  2.7*7o  of  o-diazophenol,  9.6*7o  of  diazosalicylic  acid  and  1.2*7o  of 
5-nitrososalicylic  acid,  calculated  on  the  salicylic  acid. 

Preparation  of  o-nitrosophenol  ammonium  salt.  The  solution  of  o-nitrosophenol  in  petroleum  ether  ob¬ 
tained  was  put  into  a  dish  and  placed  in  a  desiccator  containing  a  small  amount  of  concentrated  ammonia  solu¬ 
tion.  When  the  o-nitrosophenol  had  been  converted  into  the  ammonium  salt  completely  (indicated  by  decolor- 
ization  of  the  petroleum  ether),  the  red  precipitate  of  the  ammonium  salt  of  o-nitrosophenol  was  filtered  off  and 
washed  with  petroleum  ether.  The  yield  was  2.25  g. 

Found  loi  C  51.30;  H  5.70;  N  19.85.  CgHgOzNa.  Calculated  C  51.43;  H  5.76;  N  20.00 

Preparation  of  complex  copper  salt  of  o-nitrosophenol.  The  complex  copper  salt  of  o-nltroso phenol  was 
prepared  as  described  above,  with  the  difference  that  after  the  nitrosation  reaction,  the  precipitate  of  the  com¬ 
plex  copper  salt  of  o-nitrosophenol  was  not  decomposed  by  the  addition  of  hydrochloric  acid,  but  was  filtered 
off  and  washed  with  a  small  amount  of  cold  water,  then  with  alcohol  and  finally  with  ether.  In  comparison  with 
o-nitrosophenol  itself  and  its  ammonium  salt,  the  complex  copper  salt  of  o-nitrosophenol  was  considerably  more 
stable.  No  signs  of  deterioration  were  detected  when  it  was  stored  for  14  months.  To  prepare  a  solution  in  pet¬ 
roleum  ether  from  it,  it  was  treated  with  4-6*70 hydrochloric  acid  and  the  liberated  o-nitrosophenol  extracted 
with  petroleum  ether. 

A  test  was  canied  out  for  the  formation  of  nitrososalicylic  acid  using  Gulinov’s  method  [15, 16],  accord¬ 
ing  to  which  16  g  of  sodium  salicylate  was  dissolved  in  450  ml  of  water,  a  solution  of  25-35  g  of  copper  sulfate 
and  7  g  of  sodium  nitrite  in  150  ml  of  water  added  and  the  reaction  mixture  left  for  9-10  days.  The  precipitate 
was  filtered  off  and  washed  with  a  small  amount  of  water,  then  with  alcohol  and  ether.  The  precipitate  was 
treated  with  4-6*70  hydrochloric  acid  and  then  extracted  with  petroleum  ether  to  isolate  o-nitrosophenol.  The 
latter  was  identified  by  analysis  and  the  characteristic  reaction  colors  with  Fe^^,  Co  and  Cu.  By  the  method  de¬ 
scribed  above,  the  residue  after  separation  of  the  o-nitrosophenol  was  shown  to  contain  1.9‘7>of  5 -nitrososalicylic 
acid,  5.4*7oof  the  5 -diazosalicylic  acid  and  0.7*7oof  o-diazophenol  (calculated  on  sodium  salicylate). 

SUMMARY 

A  method  was  developed  for  preparing  o-nitrosophenol  from  salicylic  acid  by  the  action  of  sodium  nitrite 
in  acetic  acid  solution  in  the  presence  of  cupric  salts,  which  form  a  stable  complex  salt  with  o-nitrosophenol 
and  shield  it  from  further  reaction  with  nitrous  acid,  which  converts  it  to  o-diazophenol. 

The  method  described  for  the  preparation  of  o-nitrosophenol  differs  from  methods  described  up  to  now  in 
its  exceptional  simplicity,  the  availability  of  the  starting  materials  and  the  high  yield. 
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THE  REPLACEMENT  OF  HALOGEN  IN  AZO  COMPOUNDS 


IV.  THE  REPLACEMENT  OF  CHLORINE  IN  5-METHYL-2-CHLOROBENZENEAZO-2’-NAPHTHOL 
BY  ALKOXY  AND  AROXY  GROUPS  AND  THE  PREPARATION  OF  ETHERS 
OF  3-AMINO-4-HYDROXYTOLUENE 

B.I.  Stepanov 


In  extending  the  method  of  replacing  the  halogen  in  o-halo-o’-hydroxyazo  dyes,  which  was  tested  on  2- 
chlorobenzeneazo-2'-naphthol  [1-3],  to  other  examples,  we  prepared  a  series  of  azo  dyes  -  derivatives  of  ethers 
of  3-amlno-4-hydroxytoluene  -  from  5-methyl-2-chlorobenzeneazo-2'-naphthoL 


R=C,H. 
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OH 
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/\_ 

1 _ 

.N=N— /  \ 
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+RONa  I  j 
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CH3 
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GH3 

(CHs),CHCH,CH„ 

n-”C*Hi3,  n**OgHi7i  ] 

C,H,CH,CH,CH„  C.H,,  3.5-(CH,),C,Hj,&4-(CH,)3CCH,C(CH3)AH4. 


The  reaction  with  the  alcoholates  was  more  convenient  to  perform  in  a  mixture  of  the  corresponding  al¬ 
cohol  and  with  an  inert  solvent  (toluene  or  xylene).  In  this  case,  the  consumption  of  alcohol  was  reduced  and 
the  reaction  product  was  more  readily  isolated  and  purified.  The  dyes  with  alkoxy  and  aroxy  groups  obtained 
were  capable  of  coloring  acetate  and  polyamide  fibers. 

Reductive  cleavage  of  the  dyes  obtained  gave  a  series  of  ethers  of  3-amino-4-hydroxytoluene. 


OR 


\/ 

I 

CH3 

R=n-C,H„  (CH,),CHCH,CH„  R-C.H.j,  n-C,H,„  n.-CigHr,  C.HsCHjCH,,  CaHjCH,CH,CH„ 

395-'(CH3)2C«U|. 


EXPERIMENTAL 

The  starting  azo  dye  was  prepared  by  diazotizing  3-amino-4-chlorotoluene  (m.p.  29-30*)  and  coupling 
the  product  with  2-naphthol.  After  recrystallization  from  toluene,  the  reddish-orange,  lustrous  needles  had  m.p. 
163.5-164*.  The  dye  was  soluble  in  toluene,  chlorobenzene  and  glacial  acetic  acid,  less  soluble  in  methyl  and 
ethyl  alcohols  and  insoluble  in  water.  A  solution  in  concentrated  sulfuric  acid  had  a  crimson  color,  which  be¬ 
came  orange  when  the  solution  was  diluted  with  water. 

Found  °lai  C  68.39,  68.58;  H  4.44,  4.53;  N  9.27,  9.35.  CitHoONjCI.  Calculated  'h  C  68.80;  H  4.38; 
N  9.52. 
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Replacement  of  chlorine  by  alkoxy  groups.*  4  g  of  starting  dye  was  triturated  with  2  g  of  copper  sulfate 
and  a  solution  of  sodium  alcoholate,  prepared  from  1  g  of  metallic  sodium  and  20  ml  of  the  appropriate  alcohol; 
ethyl,  n-butyi(b.p.  117*),  isoamyl  (2-methylbutanol-4,  b.p.  132*),  n-hexyl  (b.p.  157*),  n-octyl  (b.p.  194-195“), 
benzyl  (b.p.  204-206’),  fl -phenylethyl  (b.p.  219-221’  at  750  mm),  and  y-phenylpropyl  (b.p.  235-237*).  The 
mbcmre  obtained  was  diluted  with  20  ml  of  toluene  and  heated  and  stirred  for  10-12  hours  at  100-110’  (in  the 
case  of  elhyl  alcohol  —  heated  on  a  water  bath  with  a  temperature  of  74-75*  inside  the  flask).  In  the  case  of  n- 
octadecyl  alcohol  (m.p.  58.5*),  the  alcoholate  was  prepared  by  reacting  20  g  of  the  alcohol  with  1  g  of  metallic 
sodium  at  150-160*,  the  solution  of  octadecylate  cooled  to  95’  and  a  suspension  of  copper  sulfate  (2  g)  in  a  solu¬ 
tion  of  the  starting  dye  (4  g)  in  toluene  (20  ml)  added  to  it. 

After  the  heating,  the  toluene  and  the  excess  of  the  appropriate  alcohol  was  distilled  away  in  vacuum,  the 
residue  diluted  with  water  and  the  residue  filtered  off  (in  the  case  of  octadecyl  alcohol  the  excess  was  removed 
by  washing  with  hot  methyl  alcohol).  The  residue  was  then  boiled  with  concentrated  hydrochloric  acid,  the 
mass  diluted  with  water,  filtered,  washed  free  from  chloride  ion  and  dried  in  air.  A  test  for  chlorine  was  nega¬ 
tive. 

We  obtained  3.52  g  (85.4‘7o)  of  the  ethoxy-substituted  dye.  After  recrystallization  from  glacial  acetic  acid, 
the  coarse  needles  had  m.p.  184.5*.  The  dye  was  readily  soluble  in  benzene,  toluene,  chloroform  and  carbon 
tetrachloride  in  the  cold  and  in  acetone  and  glacial  acetic  acid  on  heating;  it  was  almost  insoluble  in  methyl 
and  ethyl  alcohols  in  the  cold,  dissolved  slig^itly  in  methyl  alcohol  on  heating  and  slightly  more  in  ethyl  alcohol 
and  was  insoluble  in  water. 

Found  %  N  9.14.  CjjHiiOjN,.  Calculated  N  9.15. 

We  obtained  4.4  g  (91.T^o)  of  the  butoxy-substituted  dye.  After  recrystallization  from  glacial  acetic  acid, 
the  tufts  of  fine,  lustrous  needles  had  m.p.  139*.  The  product  was  readily  soluble  in  benzene,  toluene  and  chloro¬ 
form  in  the  cold  and  in  acetone,  glacial  acetic  acid  and  carbon  tetrachloride  on  heating;  it  was  difficultly  soluble 
in  methyl  alcohol,  even  on  heating,  slightly  more  soluble  in  ethyl  alcohol  on  heating  and  insoluble  in  water. 

Found  C  75.36,  75.23;  H  6.61,  6.76;  N  8.46,  8.26.  C21H22O2N2.  Calculated  ‘7*  C  75.45;  H  6.59; 

N  8.38. 

We  obtained  3.82  g  (81.5‘5b)  of  the  3-methylbutoxy-substituted  dye.  After  recrystalUzation  from  acetone, 
the  long  needles  had  m.p.  142.5*.  The  material  was  readily  soluble  in  benzene,  toluene,  chloroform  and  car¬ 
bon  tetrachloride  in  the  cold,  less  soluble  in  acetone,  dissolved  in  methyl  and  ethyl  alcohols  on  heating  and  was 
insoluble  in  water. 

Found  <55?  C  75.43,  75.55;  H  7.38,  7.31;  N  7.86,  7.98.  C22H24O2N2.  Calculated  %  C  75.86;  H  6.89; 

N  8.05. 

3.1  g  (63.5‘5fc)  of  the  hexoxy-substituted  dye  was  obtained.  After  recrystallization  from  glacial  acetic  acid, 
the  lustrous  needles  had  m.p.  110*.  The  product  was  readily  soluble  in  benzene,  toluene,  chlorobenzene,  chloro¬ 
form  and  carbon  tetrachloride  in  the  cold  and  in  methyl  and  ethyl  alcohols,  glacial  acetic  acid  and  acetone  on 
heating;  it  was  insoluble  in  water. 

Found  C  76.47,  76.33;  H  7.41,  7.59;  N  7.80,  7.61.  CjjHaeOjNg.  Calculated  <7ct  C  76.22;  H  7.18; 

N  7.73. 

3.77  g  (71.6%)  of  the  octoxy-substimted  dye  was  obtained.  After  recrystallization  from  ethyl  alcohol,  the 
overgrown  needles  had  m.p.  114*.  The  product  was  readily  soluble  in  benzene,  toluene  and  chloroform  in  the 
cold  and  in  methyl  and  ethyl  alcohols,  acetone  and  carbon  tetrachloride  on  heating;  it  was  insoluble  in  water. 

Found  %c  C  77.10,  77.20;  H  7.76,  7.89;  N  7.38,  7.32.  C^gHjoOjNj.  Calculated  %e  C  76.92;  H  7.69; 

N  7.18. 

4.68  g  (65.1%)  of  the  octadecoxy-substimted  dye  was  obtained.  After  recrystallization  from  ethyl  alcohol, 
the  fine  needles  had  m.p.  82".  The  product  was  readily  soluble  in  benzene,  toluene,  acetone,  chloroform  and 
carbon  tetrachloride  in  the  cold,  in  glacial  acetic  acid  on  heating  and  sUghtly  less  in  methyl  and  ethyl  alcohols; 
it  was  insolubie  in  water. 

•With  the  participation  of  LB.  lurkov. 
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Found  %  C  79.06,  79.13;  H  9.39,  9.49;  N  5.48.  C35H50O2N2.  Calculated  C  79.24;  H  9.43;  N  5.28. 

3.17  g  (63.9*70)  of  the  phenylmethoxy-substltuted  dye  was  obtained.  After  recrystallization  from  acetone, 
the  long  needles  had  m.p.  175".  The  product  was  readily  soluble  in  benzene,  toluene  and  chloroform  in  the 
cold  and  less  soluble  in  acetone,  but  readily  so  on  heating,  and  less  so  in  methyl  and  ethyl  alcohols  and  carbon 
tetrachloride;  it  was  insoluble  in  water. 

Found  ‘7«  C  77.99,  78.11;  H  5.54,  5.68;  N  7.77,  7.71.  C24H20O2N2.  Calculated  ^cc  C  78.26;  H  5.43; 

N  7.61. 

4.11  g  (79.8*70)  of  the  0 -phenylethoxy-substituted  dye  was  obtained.  After  recrystallization  from  glacial 
acetic  acid,  the  needles  had  m.p.  169.5-170®.  The  substance  was  soluble  in  benzene,  toluene,  chlorobenzene, 
chloroform  and  carbon  tetrachloride  in  the  cold  and  on  heating  it  dissolved  readily  in  acetone  and  glacial  acetic 
acid  and  sparingly  in  methyl  and  ethyl  alcohols;  it  was  insoluble  in  water. 

Found  *7«  C  78.34,  78.26;  H  6.02,  5.99;  N  7.53.  C26H22O2N2.  Calculated  *70:  C  78.53;  H  5.76;  N  7.33. 

4.1  g  (76.7*7o)  of  the  y-phenylpropoxy-substituted  dye  was  obtained.  After  recrystalUzation  from  ethyl  al¬ 
cohol,  the  fine  needles  had  m.p.  138®. 

Found  %  C  78.99,  78.80;  H  6.22,  6.12;  N  7.26,  7.07.  C26H24O2N2.  Calculated  *7*  C  78.78;  H  6.06; 

N  7.07. 

Replacement  of  chlorine  by  the  phenoxy  group.*  4  g  of  the  starting  dye,  ground  up  with  2  g  of  copper 
sulfate,  was  added  to  a  solution  of  phenolate  prepared  by  reacting  20  g  of  phenol  with  30  ml  of  30*7)  sodium 
hydroxide  solution,  and  the  mixture  heated  under  reflux  with  stirring  for  ten  hours  at  110®.  The  reaction  mix¬ 
ture  was  then  filtered  and  the  precipitate  washed,  first  with  5*7)  sodium  hydroxide  solution  to  remove  excess 
phenol  and  then  with  water,  and  boiled  with  70  ml  of  concentrated  hydrochloric  acid.  The  mixture  was  diluted 
with  water  and  the  dye  filtered  off,  washed  free  from  ionic  chlorine  and  dried  at  70®.  The  weight  was  4.1  g 
(85.9*70).  A  test  for  chlorine  was  negative.  After  recrystallization  from  acetone,  the  flat  needles  had  m.p. 
169.5-170®.  A  mixmre  with  the  starting  dye  (m.p.  163.5-164®)  had  a  def*essed  melting  point  (to  140-146®).  In 
the  cold,  the  phenoxy-substituted  dye  was  readily  soluble  in  benzene,  toluene,  chlorobenzene,  chloroform  and 
carbon  tetrachloride  and  poorly  so  in  methyl  and  ethyl  alcohols  and  acetone;  on  heating,  it  dissolved  slightly 
more  in  methyl  and  ethyl  alcohols  and  readily  in  acetone;  it  was  insoluble  in  water. 

Found  %  C  77.62,  77.75;  H  5.89,  6.03;  N  7.61.  C23H18O2N2.  Calculated  %  C  77.96;  H  5.08;  N  7.91. 

Replacement  of  chlorine  by  the  3,5-dimethylphenoxy  group.  4  g  of  the  starting  dye,  ground  with  2  g  of 
copper  sulfate,  was  added  to  a  solution  of  xylenolate,  prepared  by  reacting  5  g  of  1,3,5 -xylenol  with  11  g  of 
16.5*7o  sodium  hydroxide  solution  and  the  mixture  heated  under  reflux  with  stirring  for  ten  hours  at  105-110*. 
The  reaction  mixture  was  diluted  with  water,  and  the  precipitate  filtered  off,  washed  free  from  excess  xylenol 
with  5%  sodium  hydroxide  solution  and  then  water  and  boiled  with  50  ml  of  concentrated  hydrochloric  acid. 

The  mixture  was  diluted  with  water  and  the  dye  filtered  off,  washed  free  from  ionic  chlorine  and  dried  in  air. 
The  weight  was  4.75  g  (92.6%).  A  test  for  chlorine  was  negative.  After  recrystallization  from  glacial  acetic 
acid,  the  flat  needles  had  m.p.  163.5-164".  A  mixture  with  the  starting  dye  (m.p.  163.5-164")  had  a  depressed 
melting  point  (to  139").  The  3,5-dimethylphenoxy-substituted  dye  was  readily  soluble  in  benzene,  toluene, 
acetone,  chloroform  and  carbon  tetrachloride  and  slightly  less  so  in  glacial  acetic  acid;  it  dissolved  sparingly 
in  ethyl  alcohol  in  the  cold,  but  readily  on  heating,  was  insoluble  in  methyl  alcohol  in  the  cold  and  dissolved 
sparingly  on  heating  and  did  not  dissolve  in  water. 

Found  %  C  78.57,  78.45;  H  5.90,  5.99;  N  7.46.  C2sH220k{N2.  Calculated  *7o:  C  78.53;  H  5.76;  N  7.33. 

Replacement  of  chlorine  by  the  4-(l',l*,3*,3*-tettamethylbutyl)-phenoxy  group  (p-isooctylphenoxy  group). 
3  g  of  the  starting  dye,  ground  with  1.5  g  of  copper  sulfate,  was  added  to  a  mixture  of  isooctylphenolate  and  xy¬ 
lene,  prepared  by  reacting  7  g  of  4-isooctylphenol  with  0.7  g  of  metallic  sodium  in  30  ml  of  xylene  with  heat¬ 
ing.  The  mixture  formed  was  heated  under  reflux  with  stirring  for  16  hours  at  105-110®  and  then  the  xylene  dis¬ 
tilled  off  in  vacuum  at  90®.  The  residue  was  boiled  several  times  with  5%  sodium  hydroxide  solution  to  remove 
the  excess  isooctylphenol,  washed  with  water  and  boiled  with  50  ml  of  concentrated  hydrochloric  acid.  The 


•V.S.  Zenkevich  participated  in  the  experiments  with  phenolates. 
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mixture  was  diluted  with  water  and  the  dye  filtered  off,  washed  free  from  ionic  chlorine  and  dried  at  80°.  The 
wel^t  was  4.65  g  (98.7%).  A  test  for  chlorine  was  negative.  After  recrystallization  from  glacial  acetic  acid, 
the  bundles  of  fine  needles  had  m.p.  171-172*.  The  isooctylphenoxy-substituted  dye  was  readily  soluble  in  ben¬ 
zene,  toluene,  chloroform,  carbon  tetrachloride  and  acetone  in  the  cold,  and  in  glacial  acetic  acid  and  ethyl 
alcohol  on  heating;  it  was  sparingly  soluble  in  methyl  alcohol  and  insoluble  in  water. 

Found  C  79.63,  79.57;  H  7.38,  7.48;  N  6.18.  CjiHj^O^Na.  Calculated  %  C  79.82;  H  7.29;  N  6.00. 

Preparation  of  ethers  of  3 -amino -4 -hydroxy toluene.  2  g  of  the  appropriate  alkoxy  or  aroxy  substituted  azo 
dye  (see  above)  was  reduced  by  boiling  with  a  solution  of  stannous  chloride  (prepared  by  reacting  3  g  of  metallic 
tin  with  30  ml  of  concentrated  hydrochloric  acid  with  heating  and  by  diluting  with  30  ml  of  water  before  intro¬ 
ducing  the  dye)  under  reflux  until  it  was  decolorized.  The  following  day,  the  inhomogeneous  precipitate,  which 
formed  overnight,  was  filtered  off  and  treated  with  50  ml  of  5%  sodium  hydroxide  solution,  containing  0.75  g  of 
sodium  hydrosulfite,  and  then  the  3“amino-4-alkoxy-(or  aroxy) -toluene  extracted  several  times  with  ether  (a 
total  volume  of  about  50  ml).  The  ether  layer  was  separated  and  treated  with  1  ml  of  concentrated  hydrochloric 
acid  and  the  precipitate  of  the  amine  hydrochloride  filtered  off,  dried  in  air  and  purified  by  recrystallizatlon. 

To  prepare  the  N-benzoyl  derivatives,  0.1  g  of  the  amine  hydrochloride  was  treated  with  2  ml  of  20%  so¬ 
dium  hydroxide  solution  and  0.5  ml  of  benzoyl  chloride.  The  benzoyl  derivative  was  washed  with  water,  triply 
diluted  hydrochloric  acid  and  again  with  water,  dried  in  air  and  recrystallized  from  methyl  alcohol. 

1.14  g  (88.4%)  of  3-amino-4-butoxytoluene  hydrochloride  was  obtained.  After  recrystallization  from 
water  acidified  with  several  drops  of  hydrochloric  acid,  the  fine  needles  had  m.p.  169*. 

The  N-benzoyl  derivative  of  3-amino-4-butoxytoluene  formed  long  needles  with  m.p.  67*. 

Found  %;  C  76.23,  76.18;  H  7.73,  7.64;  N  4.68,  4.58.  CigHjiOjN.  Calculated  %c  C  76.32;  H  7.42; 

N  4.94. 

1.23  g  (93.1%)  of  3-amino-4-(3*-methylbutoxy)-toluene  hydrochloride  was  obtained.  After  recrystalliza¬ 
tion  from  water,  acidified  with  several  drops  of  hydrochloric  acid  (with  preliminary  decoloration  of  the  solution 
with  activated  charcoal),  the  fine,  branched  filaments  had  m.p.  168*. 

The  N-benzoyl  derivative  of  3-amino-4-(3’-methylbutoxy)-toluene  formed  fine  needles  with  m.p.  72*. 

Found  %:  N  4.60,  4.51;  C19H23O2N.  Calculated  %:  N  4.71. 

1.2  g  (96%)  of  3 -amino-4 -hexoxytoluene  hydrochloride  was  obtained.  After  recrystallization  from  water 
acidified  with  several  drops  of  hydrochloric  acid,  the  long  needles  melted  at  171*. 

Found  %  C  63.93,  63.86;  H  9.30,  9.40;  N  5.83,  5.90.  Ci3H220NCl.  Calculated  %:  C  64.06;  H  9.03; 

N  5.77. 

The  N-benzoyl  derivative  of  3-amino-4 -hexoxytoluene  formed  long  needles  with  m.p.  73*. 

Found  %.  C  76.59,  76.45;  H  8.19,  8.22;  N  4.33,  4.25.  CzoHjsOjN.  Calculated  %;  C  77.17;  H  8.04; 

N  4.50. 

1.13  g  (89.3%)  of  3-amino-4-octoxytoluene  hydrochloride  was  obtained.  After  recrystallization  from  di¬ 
lute  hydrochloric  acid  with  a  small  amount  of  methyl  alcohol  added,  the  long  needles  had  m.p.  125-125.5*. 

Found  %  C  66.64  ,  66.50;  H  9.57,  9.74;  N  4.92,  5.00.  CicIUONCl.  Calculated  %c  C  66.29;  H  9.57; 

N  5.15. 

0.74  g  (47.7%)  of  3 -amino -4 -octadecoxy toluene  hydrochloride  was  obtained.  After  recrystallization  from 
dilute  methyl  alcohol  acidified  with  several  drops  of  hydrochloric  acid,  the  fine  needles  had  m.p.  119-120*. 

Found  %c  C  72.87,  73.02;  H  11.65,  11.40;  N  3.97,  3.81.  C25H46ONCI.  Calculated  %:  C  72.90;  H  11.18; 
N  3.40. 

The  N-benzoyl  derivative  of  3-amino-4-octadecoxytoluene  formed  fine,  flat  needles  with  m.p.  61*. 

Found  %s  C  79.86,  79.99;  H  10.64,  10.72;  N  2.85,  2.83.  CajH^^OgN.  Calculated  %:  C  80.16;  H  10.23; 

N  2.92. 
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1.27  g  (91.8*70)  of  3-aniino-4-(fl-pheiiylethoxy)-toluene  hydrochloride  was  obtained.  After  recrystalliza¬ 
tion  from  dilute  methyl  alcohol,  the  balb  of  fine  needles  had  m.p.  167-177’  (with  decomp.)  and  187-188.5* 

(in  a  sealed  capillary). 

Found  1<r.  C  68.87,  68.78;  H  6.85,  6.90;  N  5.84,  5.92.  CisHigONCl.  Calculated  C  68.31;  H  6.83; 

N  5.31. 

The  N-benzoyl  derivative  of  3-amino-4-(fl-phenylethoxy)-toluene  formed  long  lustrous  flat  needles  with 
m.p.  92.5-93*. 

Found  *7«  C  79.86,  79.73;  H  6.44,  6.56;  N  4.51,  4.62.  <1:22^2102^.  Calculated  *78  C  79.76;  H  6.34; 

N  4.23. 

1.04  g  (74.3*70)  of  3-amino-4-(y-phenylpropoxy)-toluene  hydrochloride  was  obtained.  After  recrystalliza¬ 
tion  from  dilute  methyl  alcohol  acidified  with  several  drops  of  hydrochloric  acid,  the  fine,  branched  needles 
had  m.p.  159-160*. 

The  N-benzoyl  derivative  of  3-amino-4-(y-phenylpropoxy)-toluene  formed  long,  flat  needles  with  m.p. 
85-85.5*. 

Found  *7oc  C  80.25,  80.32;  H  6.66,  6.86.  CjsHjjO^N.  Calculated  %  C  80.00;  H  6.67. 

1.3  g  (94.6*7o)  of  3-amino-4-(3',5’-dimethyljrfienoxy)-toluene  hydrochloride  was  obtained.  After  recrys- 
talUzation  from  methyl  alcohol  acidified  with  several  drops  of  hydrochloric  acid,  the  long,  flat  needles  had 
m.p.  163-163.5*. 

Found  *7*  C  68.11,  67.97;  H  7.00,  7.20.  C15H1PNCI.  Calculated  %  C  68.31;  H  6.83. 

The  N-benzoyl  derivative  of  3-amino-4-(3’,5’-dimethylphenoxy)-toluene  formed  fine  needles  with  m.p. 
146.5-146.7*. 

SUMMARY 

1.  On  reacting  sodium  alcoholates  and  phenolates  with  the  azo  dye  from  3-amino-4-chlorotoluene  and 
2-naphthol  in  the  presence  of  a  copper  salt,  the  chlorine  atom  was  replaced  by  the  alkoxy  and  aroxy  groups  with 
ethyl,  n-butyl,  isoamyl  (3 -methylbutyl),  n-hexyl,  n-octyl,  n-octadecyl,  benzyl,  fl -phenylethyl,  y-phenylpropyl, 
phenyl,  3,5-dimethyiphenyl  and  4-(l’,l',3’,3*-tetramethylbutyl)-phenyl  (p-isooctylphenyl)  residues. 

2.  It  was  found  that  the  reaction  of  the  halogen-containing  dye  and  the  alcoholate  could  be  performed 
more  conveniently  in  a  mixmre  of  the  appropriate  alcohol  and  an  inert  solvent  (toluene  or  xylene). 

3.  Reductive  cleavage  of  the  alkoxy  and  aroxy  substituted  dyes  gave  ethers  of  3 -amino -4 -hydroxy toluene 
with  n-butyl,  isoamyl  (3 -methylbutyl),  n-hexyl,  n-octyl,  n-octadecyl,  fl -phenylethyl.  y-phenylpropyl  and  3,5- 
dimethylphenyl  residues  in  the  ether  group. 
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INVESTIGATION  OF  THE  PRODUCTS  FROM  THE  REACTION 


OF  EPICHLOROHYDRIN  AND  AROMATIC  AMINES 

m.  THE  ACTION  OF  HYDROCHLORIC  ACID  AND  THIONYL  CHLORIDE 
ON  3-HYDROXY-1.2.3.4-TETRAHYDRO-7,8-BENZOQUINOLINE 
AND  ON  3-HYDROXY-1.2.3.4-TETRAHYDRO-5,6-BENZOOUINOLINE 

N.N.  Vorozhtsov.  Jr.  and  S.I.  Kutkevichus 


We  undertook  an  investigation  of  the  action  of  hydrochloric  acid  and  thionyl  chloride  on  3-hydroxy-l, 2,3,4- 
tetrahydro-7,8-benzoquinoline  (I)  (see  [1]  for  preparation),  so  as  to  replace  the  hydroxyl  group  by  a  chlorine  atom. 
However,  the  action  of  these  reagents  on  (I)  did  not  lead  to  the  required  result.  When  (I)  was  heated  (to  170-200") 
with  hydrochloric  acid  under  pressure,  we  obtained  a  mixture  of  two  bases,  which  did  not  contain  halogen,  and 
one  of  them  was  7,8-benzoquinoline  (III)  (42-44*55)  yield)  and  the  other  its  1,2,3,4-tetrahydro  derivative  (IV)  (27 
to  33*?fc). 

Apparently,  this  conversion  began  with  the  elimination  of  a  molecule  of  water  to  form  the  1,2-  or  1,4- 
dihydro  derivative  of  benzoqui noline  (II),  which  then  disproportionated  into  benzoquinoline  (III)  and  its  tetra- 
hydro  derivative  (IV). 
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We  attempted  to  prepare  l,2,3,4-tetrahydro-7,8-benzoquinoline  as  the  main  product  by  reduction  of  (I) 
by  heating  it  with  hydriodic  acid  (in  the  presence  of  acetic  acid)  at  200-210*.  However,  we  were  only  able  to 
isolate  substance  (III)  (27*55)  yield)  from  the  reaction  products.  It  is  probable  that  in  this  case  a  mixture  of  (III) 
and  (IV)  was  formed  first.  The  latter,  however,  decomposed  under  these  conditions.  The  instability  of  (IV)  has 
been  noted  previously  [2]. 

Conversion  into  the  corresponding  quinoline  and  its  tetrahydro  derivative  under  the  action  of  hydrochloric 
acid  is  not  peculiar  to  (I)  only,  but  apparently  is  characteristic  of  3-hydroxy-l, 2, 3, 4-tetrahydro  derivatives  of 
quinoline  in  generaL  Thus,  under  the  same  conditions,  3-hydroxy-l, 2, 3, 4-tetrahydro-5,6-benzoquinoline  (V) 
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also  gave  approximately  equal  amounts  of  5,6-benzoquinoline  (VI)  and  l,2,3,4-tetrahydro-5,6-benzoquinoline 
(VII). 
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The  formation  of  a  mixture  of  a  quinaldine  derivative  and  its  1,2,3,4-tetrahydro  compound  was  noted  pre¬ 
viously  when  boiling  together  hydrochloric  acid  and  the  so-called  aldol  bases  —  compounds  represented  by  the 
structure  of  4-hydroxy-2-methyl-l,2,3,4-tetrahydroquinolines  [3].  Consequently,  both  3-  and  4-hydroxy  deriva¬ 
tives  of  1,2,3,4-tetrahydroquinolines  are  capable  of  being  converted  into  a  mixture  of  tfie  quinoUne  and  itstetra- 
hydro  derivative.  With  the  3 -hydroxy  derivatives,  considerably  more  drastic  conditions  are  required  than  with 
the  4 -hydroxy  derivatives. 


Somewhat  unexpected  results  were  obtained  when  3 -hydroxy -1,2,3,4-tetrahydro  derivatives  of  benzoquino- 
Unes  were  treated  with  thionyl  chloride.  Thus,  when  (I)  was  heated  with  thionyl  chloride  for  three  hours  on  a 
boiling  water  bath,  the  reaction  product  isolated  was  a  base  with  m.p.  100.7-101.0*,  containing  chlorine  and 
with  the  composition  of  C^HgNCl.  When  treated  with  picric  acid  it  gave  a  picrate  with  m.p.  243.2-243.7*.  6- 
Chloro-7,8-benzoquinoline  (VIII)  has  the  same  composition  and  melting  point  and  is  obtained  by  heating  1-ni- 
tronaphthalene  with  glycerol  and  hydrochloric  acid  in  a  sealed  tube  [4].  We  repeated  tiie  synthesis  of  the  Polish 
investigators  (whose  data  we  can  confirm  completely)  and  established  that  mixed  melting  points  of  our  com¬ 
pound  with  6-chloro-7,8-benzoquinoline, 


CH 

N  CK 


CH 


I 

Cl 

(VIII) 


and  also  the  corresponding  picrates,were  not  depressed. 

The  yield  of  6-chloro-7,8-benzoquinoline  from  the  action  of  thionyl  chloride  on  (I)  was  about  50%.  It  is 
noteworthy  that  substance  (VIII)  was  isolated  directly  from  the  reaction  mixture  in  quite  a  pure  state  -  the  melt¬ 
ing  point  was  only  about  1-1.5*  lower  than  that  of  the  pure  substance. 

3 -Hydroxy -1,2,3,4-tetrahydro -5,6-benzoquinoline  (V)  was  treated  with  thionyl  chloride  under  the  same 
conditions  to  form  5,6-benzoquinoline  (VI)  in  65 -68‘5l) yield. 

We  hope  to  examine  the  mechanism  of  the  reaction  between  3-hydroxy-l,2,3,4-tetrahydroquinoline  deriv¬ 
atives  and  thionyl  chloride  in  one  of  our  next  communications. 
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EXPERIMENTAL 


Reaction  of  3-hydroxy-l,2,3,4-tetrahydro-7,8-benzoquinoline  (I)  with  hydrochloric  acid.  1,2.3,4-Tetra- 
hydro-7,8-benzoquinoline  hydrochloride.  Nine  glass  tubes  were  loaded  with  1.0  g  of  3-hydroxy-l,2,3,4-tetra- 
hydro-7,8-benzoquiRoUne  and  25  ml  of  concentrated  hydrochloric  acid  (d.1.19)  each.  The  sealed  tubes  were 
heated  on  an  oil  bath  (bath  temperature  190-195*)  for  eight  hours.  The  contents  of  the  tubes  were  made  alka¬ 
line  with  25%  sodium  hydroxide  solution  and  extracted  with  ether  (400  ml).  The  ether  solution  was  dried  with 
sodium  carbonate  and  then  saturated  with  hydrogen  chloride.  After  two  hours,  the  ether  layer  was  poured  off, 
the  hydrochloride  which  had  separated  treated  with  35  ml  of  15%  hydrochloric  acid  and  the  precipitate  filtered 
off.  Recrystallization  from  methyl  alcohol  (with  charcoal  purification)  yielded  1.4  g  (12.4%)  of  rhombic  crystals 
of  l,2,3,4-tetrahydro-7,8-benzoquinoline  hydrochloride.  The  m.p.  was  262"  (decomp.);  according  to  [2],  the 
m.p.  is  260-261*. 

Found  %c  C  71.2,  71.2;  H  6.6,  6.5;  N  6.1,  6.3;  ionic  chlorine  16.0,  16.1.  Ci8Hi3N*HCl.  Calculated  %c 
G  71.1;  H  6.4;  N  6.4;  ionic  chlorine  16.1. 

l,2,3,4-Tetrahydro-7,8-benzoquinoline  (IV).  0.6  g  of  (IV)  hydrochloride  was  made  alkaline  with  6  ml  of 
10%  sodium  hydroxide  and  steam  distilled.  The  precipitate  in  the  distillate  was  filtered  off.  The  weight  was 
0.3  g  and  the  m.p.  44.1-44.8*.  Recrystallization  from  petroleum  ether  (b.p.  45-65*)  yielded  colorless  crystals 
of  l,2,3,4-tetrahydro-7,8-benzoquinoline  with  m.p.  45.4-45.9".  According  to  [2]  the  m.p.  is  46.5*. 

The  picrate  of  l,2,3,4-tetrahydro-7,8-benzoquinoline  was  prepared  by  mixing  alcohol  solutions  of  0.10  g 
of  (IV)  and  0.13  g  of  picric  acid  (volume  after  mixing,  8  ml).  The  precipitate  was  collected.  The  yellow 
needles  had  m.p.  154.0-155.0*  (from  methyl  alcohol). 

Found  %c  N  13.5,  13.4.  CMH16O7N4.  Calculated  %;  N  13.6. 

N-benzoyl-l,2,3,4-tetrahydro-7.8-benzoquinoline.  The  filtrate  after  separation  of  the  precipitate  of 
l,2,3,4-tetrahydro-7,8-benzoquinoline  hydrochloride  (see  above)  and  the  residue,  obtained  by  evaporating  the 
mother  liquors  from  recrystallization  of  this  substance,  were  combined,  made  alkaline  with  25%  sodium  hydrox¬ 
ide  solution  and  extracted  with  ether  (400  ml).  The  ether  was  distilled  off,  the  residue  (5.8  g)  dissolved  in  30  ml 
of  ether  and  treated  with  2.3  g  of  finely  powdered  potassium  carbonate  and  3.4  g  of  benzoyl  chloride  added 
dropwise  over  a  period  of  30  minutes,  while  the  mixture  was  heated  on  a  water  bath  (50-60").  After  three  hours 
heating,  the  reaction  mixture  was  shaken  with  25  ml  of  10%  sodium  hydroxide.  The  precipitate  was  filtered  off 
and  washed  with  ether  and  water.  The  weight  was  1.3  g;  a  further  0.4  g  was  isolated  from  rhe  filtrate  (ether 
layer)  after  extracting  the  7,8-benzoquinoline  from  it  with  hydrochloric  acid.  The  yield  was  13%  and  the  m.p. 
188-189.5*.  Recrystallization  from  methyl  alcohol  (with  charcoal  purification)  yielded  1.3  g  of  colorless,  crys¬ 
talline  needles  of  N-benzoyl-l,2,3,4-tetrahydro-7,8-benzoquinoline  with  m.p.  191.5-192.0*. 

Found  %t  N  4.8.  4.9.  C20H17ON.  Calculated  %t  N  4.9. 

A  mixed  melting  point  with  a  preparation,  obtained  analogously  from  authentic  (IV),  was  not  depressed. 

7,8-Benzoquinoline  (III).  The  filtrate  after  separation  of  the  N-benzoyl-l,2,3,4-tetrahydro-7,8-benzo- 
quinoline  was  poured  into  a  separating  funnel  and  150  ml  of  3.3%  hydrochloric  acid  and  75  ml  of  ether  added  to 
it.  After  separation  of  the  aqueous  layer,  the  ether  solution  was  repeatedly  (three  times)  extracted  with  hydro¬ 
chloric  acid  (until  there  was  no  longer  turbidity  when  the  acid  solution  was  made  alkaline).  The  combined  hy¬ 
drochloric  acid  solutions  were  made  alkaline  with  20%  sodium  hydroxide  and  extracted  with  ether.  After  re¬ 
moval  of  the  ether,  the  7,8-benzoquinoline  was  steam  distilled.  The  weight  was  3.5  g  (44.4%)  and  the  m.p. 

49.7- 50.3*.  Recrystallization  from  petroleum  ether  gave  colorless  crystals  of  (III)  with  m.p.  50.5-51.0*.  The 
literature  reports  50.0*  [5]  and  52.0*  [6]. 

Found  %  C  87.2,  87.3;  H  5.1,  5.0.  CuH^N.  Calculated  %s  C  87.1;  H  5.1. 

From  substance  (III)  was  prepared  a  hydrochloride  with  m.p.  214*  (decomp.)  and  a  picrate  with  m.p. 

192.7- 193.7*.  The  literature  reports  m.p.  213*  [10]  for  the  hydrochloride  and  191.0-192.0*  [6]  for  the  picrate. 

When  the  reaction  was  repeated  with  9  g  of  (I)  with  hydrochloric  acid  under  the  same  conditions,  but  iso¬ 
lating  the  whole  of  (IV)  as  the  N-benzoyl  derivative,  the  yield  of  this  compound  was  4.3  g  (33%);  3.4  g  (42%) 
of  subsunce  (III)  was  obtained. 
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The  same  yields  were  obtained  when  the  reaction  was  performed  with  hydrochloric  acid  for  16  hours  at 
170-175*. 

(Ill)  was  also  obtained  when  (I)  was  reacted  with  hydriodic  acid  in  the  presence  of  acetic  acid.  Seven 
glass  tubes  were  each  loaded  with  1.0  g  of  substance  (I),  5  ml  of  acetic  anhydride  and  20  ml  of  concentrated  hy¬ 
driodic  acid  (d.1.55). 

The  tubes  were  heated  on  an  oil  bath  at  200-210“  for  nine  hours.  The  tubes  were  opened  and  the  precipi¬ 
tate  collected.  The  filtrate  was  made  alkaline  and  extracted  with  ether  to  yield  an  insignificant  amount  of  ma¬ 
terial,  which  was  added  to  the  precipitate  and,  after  being  made  alkaline  with  Z^°]o  sodium  hydroxide  solution, 
steam  distilled.  The  oily  substance  crystallized.  The  weight  of  (III)  was  1.7  g  and  the  m.p.  46.1-46.8*.  Re¬ 
crystallization  from  petroleum  ether  (b.p.  45-65*)  gave  a  colorless  product  with  m.p.  50-50.5*. 

Reaction  of  3-hydroxy-l,2,3,4-tetrahydro-5,6-benzoquinoline  (V)  with  hydrochloric  acid.  N-Nitroso-1,2, 
3,4-tetrahydro-5,6-benzoquinoline.  Two  glass  tubes,  each  containing  1.0  g  of  (V)  and  25  ml  of  concentrated 
hydrochloric  acid,  were  heated  on  an  oil  bath  at  200-210*  for  nine  hours.  When  the  tubes  had  been  opened,  the 
contents  were  poured  into  a  flask  and  made  alkaline  with  40‘ib  sodium  hydroxide  solution.  The  precipitate  was 
collected,  transferred  to  a  flask,  made  alkaline  with  3%  sodium  hydroxide  and  steam  distilled.  The  oily  sub¬ 
stance  crystallized.  The  weight  was  1.0  g  and  the  m.p.  90.5-91.5*.  The  crystalline  substance  was  dissolved  in 
2%  hydrochloric  acid  and  sodium  nitrite  (as  a  0.1  N  solution)  added  to  the  solution  until  there  was  a  reaction  with 
starch-iodide  paper.  The  N-nitroso-l,2,3,4-tetrahydro-5,6-benzoquinone  was  filtered  off.  The  weight  was  0.4  g 
and  the  m.p.  100.7-101.4*.  Recrystallization  from  ether  gave* colorless  plates  with  m.p.  104.8-105.1*.  Accord¬ 
ing  to  data  in  [7],  the  m.p.  is  105.5*. 

Found  %  N  13.0,  13.2.  CuHijONj.  Calculated  N  13.2. 

5,6 -Benzoquino line  (VI).  The  filtrate  after  separation  of  the  N-nitroso-l,2,3,4-tetrahydro-5,6-benzoquin- 
oline  was  made  alkaline  with  10<7o  sodium  hydroxide  solution  and  the  (VI)  filtered  off.  The  weight  was  0.3  g  and 
the  m.p.  90.5-91.0*.  According  to  data  in  [8],  the  m.p.  is  93.5*. 

Found  %  C  87.0,  86.9;  H  5.2,  5.1.  C^HjN.  Calculated  C  87.1;  H  5.1. 

A  picrate  with  m.p.  258.1-259.0“  was  also  prepared.  According  to  data  in  [9],  the  m.p.  is  259". 

Reactions  of  (I)  and  (V)  with  thionyl  chloride.  6-Chloro-7,8-benzoquinoline  (VIII).  4.0  g  of  (I)  and  20  ml 
of  thionyl  chloride  were  heated  on  a  boiling  water  bath  for  three  hours  in  a  Rask  with  a  ground -glass  jointed  re- 
Rux  condenser.  When  the  reaction  mixture  had  been  cooled  to  room  temperature,  the  precipitate  was  filtered 
off  and  dissolved  in  methyl  alcohol  and  to  the  solution  was  added  25%  sodium  hydroxide  in  water  until  there  was 
an  alkaline  reaction,  and  then  100  ml  of  water.  Substance  (VIII)  was  filtered  off.  The  weight  was  2.1  g  and  the 
m.p.  99.7-100.3*. 

Recrystallization  from  methyl  alcohol  gave  white  needles  of  (VIII)  with  m.p.  100.7-101.0*.  According  to 
data  in  [4],  the  m.p.  is  101*. 

Found  %  N  6.7,  6.6.  CuHgNCl.  Calculated  %  N  6.6. 

Hydrochloride  of  (VIII).  0.8  g  of  (VIII)  was  dissolved  in  6  ml  of  methyl  alcohol  and  the  alcohol  saturated 
with  HCl.  The  hydrochloride  of  (VIII)  was  filtered  off.  The  weight  was  0.5  g  and  the  m.p.  235*  (decomp.).  Re¬ 
crystallization  from  methyl  alcohol  gave  white  needles  of  6 -chloro -7, 8 -benzoquino line  with  m.p.  238*  (decomp.). 

Found  %;  N  5.7,  5.7;  ionic  chlorine  14.0,  14.1.  C]3H8NC1  •  HCl.  Calculated  %c  N  5.6;  ionic  chlorine 

14.2. 

A  picrate  of  (VIII)  with  m.p.  243.5-244.0*  was  also  prepared.  According  to  data  in  [4],  the  m.p.  is  240*. 

Found  %  C  51.6,  51.7;  H  2.4,  2.3.  Cj9HiiO,N4Cl.  Calculated  %  C  51.5;  H  2.6. 

2.0  g  of  (V)  and  8  ml  of  thionyl  chloride  were  heated  on  a  boiling  water  batii  for  2.5  hours  in  a  Rask  with 
a  ground -glass  jointed  reRux  condenser.  The  excess  thionyl  chloride  was  distilled  off  and  the  residue  dissolved 
in  30  ml  of  methyl  alcohol  and  heated  for  15  minutes  on  a  boiling  water  bath  with  activated  charcoal.  Then 
the  hot  filtrate  was  made  alkaline  with  10%  sodium  hydroxide  in  water  and  diluted  with  100  ml  of  water.  The 
5,6-benzoquinoline,  which  precipitated  over  six  hours,  was  collected.  The  weight  was  1.2  g  and  the  m.p.  85.1- 
86.5*. 


i, 


2713 


Recrystallization  from  a  mixture  (15 : 1)  of  petroleum  ether  and  methyl  alcohol  (using  activated  charcoal) 
gave  white  crystalline  plates  of  (VI)  with  m.p.  90.2-90.7*. 

SUMMARY 

1.  When  3-hydroxy-l,2,3,4-tetrahydrobenzoquinolines  were  heated  with  concentrated  hydrochloric  acid, 
mixtures  of  the  corresponding  benzoquinolines  and  tetrahydrobenzoquinoUnes  were  formed.  The  formation  of 
these  products  may  be  explained  by  disproportionation  of  l,2-(or  l,4-)dihydrobenzoquinolines,  obtained  as  in¬ 
termediates. 

2.  When  3-hydroxy-l,2,3,4-tetrahydro-7,8-benzoquinoline  was  treated  with  thionyl  chloride,  6-chloro- 
7,8-benzoquinoline  was  obtained.  When  treated  similarly.  3-hydroxy-l,2,3,4-tetrahydro-5,6-benzoquinoline 
gave  5,6-benzoquinollne.  In  the  action  of  thionyl  chloride  on  these  compounds  there  occurred  dehydration  and 
dehydrogenation  and  in  the  case  of  3-hydroxy-l, 2, 3,4-tetrahydro-7,8-benzoquinoline, chlorination  of  the  aro¬ 
matic  nucleus  as  well. 
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THE  PROCESS  OF  POLYAMIDE  RESIN  FORMATION 

VIL  THE  COMPOSITION  AND  STRUCTURE  OF  SALTS  FORMED  BY  DICARBOXYLIC  ACIDS 

AND  DIAMINES  OR  HYDRAZINE 


A.S.  Shpital’nyi  and  la. A.  Kharit 


In  work  published  previously  [1],  it  was  established  that  although  the  salts  of  dicarboxylic  acids  and  ali¬ 
phatic  diamines  could  be  either  acidic  or  neutral,  their  composition  was  constant  and  did  not  depend  on  the  ratio 
of  the  reacting  components.  The  composition  of  the  salt  was  determined  by  the  relation  of  the  dissociation 
constants  of  the  acid.  When  the  ratio  had  low  values,  neutral  salts  were  formed  and  at  high  values,  acid  salts. 
These  conclusions  were  arrived  at  as  a  result  of  studying  the  salts  of  adipic,  succinic  and  oxalic  acids. 

In  the  present  work  the  number  of  acids  used  for  preparing  the  salts  which  interested  us  was  increased  to 
include  azelaic  and  sebacic  acids. 

There  are  no  diamines  in  the  aliphatic  series  which  possess  strongly  differing  dissociation  constants, as  is 
observed  among  the  acids  [1].  To  elucidate  the  effect  on  the  salt  composition  of  a  high  value  of  the  ratio  K1/K2 
for  the  basic  component,  we  used  the  dicarboxylic  acid  salts  of  hydrazine,  which  is  known  to  have  a  very  con¬ 
siderable  value  for  Ki/Kj. 

As  previously  [1],  hexamethylenediamine  and  ethylenedi amine  were  used  as  bases  for  salt  formation.  The 
preliminarily  dissolved  starting  reagents  were  mixed,  not  only  in  equimoiecular  proportions,  but  also  with  a 
considerable  excess  of  one  or  another  of  them.  In  only  one  case,  actually  in  the  preparation  of  a  salt  from  hexa¬ 
methylenediamine  and  excess  sebacic  acid,  did  we  have  to  limit  the  excess  of  the  acid  due  to  difficulties  in 
purifying  the  salt.  In  the  rest  of  the  experiments,  no  such  limitations  were  required.  A  salt  was  also  prepared 
from  hexamethylenediamine  and  excess  adipic  acid, as  the  salt  from  these  components,  in  the  ratio  of  1 : 2,  was 
not  examined  in  the  previous  work.  Kj  and  of  azelaic  and  sebacic  acids  differ  very  insignificantly  (Table  1). 


TABLE  1 


Name  of  acid 

j  Dissociation  constants 

1 

h'^  =  2M  ■  10--^  |2] 

Sebacic 

A',  =  2>'()  .  lO-'-  1  '1 
=  •  K)-'*  |^1 

1 

Azelaic 

/ 

\ 

A',  =2..S.S  •  t0-'>  !-^| 

A  oz=2.^0  •  i()-«  [•■'I 

Note:  Temperature  25’. 


Therefore,  in  accordance  with  the  proposition  above,  one  would  expect  that  these  acids  would  form  salts 
of  constant  composition  with  diamines  and  the  components  of  these  would  be  present  in  equimoiecular  propor¬ 
tions.  Judging  by  the  data  in  Table  2,  one  would  expect  that  neutral  salts  would  crystallize  at  any  ratio  of  the 
components.  It  was  suggested  that  these  salts  should  be  represented  as  rings  [1] 
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-OOCHCOO- 
+H;,Nn,Nn3  . 

This  type  of  representation  has  found  support  in  handbooks 
on  synthetic  fibers  with  [6]  and  without  [7]  references  to  our  work. 

Apart  from  the  considerations  presented  [1],  evidence  in 
favor  of  the  cyclic  structure  is  provided  by  a  number  of  factors, 
for  example,  the  capacity  of  related  salts  of  c-aminocaproic 
acid  to  form  considerable  amounts  of  rings  (lactam)  when  dis¬ 
tilled  [8]  or  the  presence  in  glycine  crystals  of  hydrogen  bonds 
between  molecules  lying  in  adjacent  layers  and  not  only  in  a 
linear  direction  [9],  etc. 

In  contrast  to  diamines,  the  dissociation  constants  of  hy¬ 
drazine  differ  sharply  from  each  other:  at  25*,  =  8.5*  10"^ 

and  K2  «  10’^  [10].  Due  to  the  low  value  of  the  second  dissocia¬ 
tion  constant,  it  is  considered  [11]  that  hydrazine  is  practically 
a  monoacidic  base  and  is  more  similar  to  ammonia  and  amines 
than  to  diamines.  Although  with  dibasic  mineral  acids  it  is 
able  to  form  salts  of  the  type 

(NjHJaHjB,  N2H4H2Band  N2H42H2B  . 

(H2B  is  a  dibasic  acid).  N2H6'‘"''  ions  do  not  exist  in  aqueous  so¬ 
lution  as  they  immediately  react  with  water  and  are  converted 
to  N2H5‘'’.  Therefore,  a  solution  of  hydrazine  dihydrochloride  is 
the  same  as  a  solution  containing  equimolecular  amounts  of  free 
hydrogen  chloride  and  hydrazine  monochloride  [11].  Raman 
spectra  of  crystals  of  divalent  hydrazine  show  bands  corresponding  not  only  to  divalent,  but  also  to  monovalent 
hydrazine  ions  (N2H6'*')  [12]. 

According  to  our  information,  the  description  of  salts  of  hydrazine  and  saturated  dicarboxylic  acids  in  the 
literature  is  limited  to  salts  of  oxalic  [13]  and  succinic  acids  [14]. 

Since  the  aim  of  our  investigations  was  to  elucidate  the  effect  of  different  ratios  of  starting  components 
on  the  composition  of  the  salt,  we  isolated  a  series  of  salts  of  hydrazine  and  dicarboxylic  acids  by  the  methods 
indicated  above,  including  the  salts  that  had  been  prepared  previously. 

From  the  data  presented  in  Table  3,  it  follows  that  with  molar  ratios  of  hydrazine  and  dicarboxylic  acid 
of  1 : 1  and  1 :2,  salts  of  constant  composition  are  obtained  with  a  component  ratio  of  1 : 1.  With  excess  hydra¬ 
zine  (a  ratio  of  2 : 1),  the  composition  of  the  salts  with  a  component  ratio  of  1 : 1  is  maintained  for  salts  of  se- 
bacic  and  azelaic  acids.  For  salts  of  adipic  and  succinic  acids,  in  this  case  the  component  ratio  is  2  moles  of 
hydrazine  to  1  mole  of  acid.  They  were  isolated  from  an  alcohol  solution  as  an  oil,  which  slowly  crystallized 
after  heating  in  vacuum  to  form  crystals  tliat  deliquesced  in  air. 

Thus,  in  contrast  to  diamines,  hydrazine  forms  salts  of  constant  composition  with  only  some  dicarboxylic 
acids.  There  are  dicarboxylic  acids  with  which  hydrazine  forms  salts  of  two  types:  N2H4H2B  and  (N2H4)2H2B. 

It  was  indicated  above  that  hydrazine  can  form  diacidic  salts  with  mineral  acids.  It  was  interesting  to  de¬ 
termine  whether  organic  salts  of  hydrazine  of  the  type  N2H4H2B  also  had  the  properties  of  the  diacidic  mineral 
salts.  With  this  aim,  the  behavior  of  the  salts  in  aqueous  solution  was  examined.  It  was  established  that  crystals 
of  the  organic  acid  were  deposited  from  concentrated  aqueous  solutions  and  in  potentiometric  titration  of  dilute 
aqueous  solutions  of  it,  1  mole  of  the  organic  acid  was  titrated  with  alkali  with  satisfactory  accuracy,  as  shown 
by  the  titration  curve  of  a  solution  of  salt  obtained  from  hydrazine  and  adipic  acid  (see  the  figure).  For  com¬ 
parison,  the  titration  curves  of  66  salt  (hexamethylenediamine  +  adipic  acid)  and  adipic  acid  are  given. 

Consequently,  in  aqueous  solutions  the  given  salts  behave  as  compounds  with  the  formula 


Titration  curves;  1)  0.05  M  solution  of 
66  salt  (hexamethylenediamine  -1-  adipic 
acid)  (25  ml);  2)  0.025  M  solution  of 
adipic  acid  (50  ml);  3)  0.025  M  solution 
of  salt,  obtained  from  hydrazine  and  ad¬ 
ipic  acid  (50  ml). 
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Composition  and  Structure  of  Salts  Formed  by  Diamines  and  Dicarboxylic  Acids* 
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•Data  obtained  with  the  help  of  T.G.  Antonova  and  Chang  Shih-yu. 


NjHs^-OOCRCOO  -^HsNaHOOGRCOOH , 

i.e.,  as  acid  salts  and  in  this  respect  they  were  similar  to  salts  of  hydrazine  with  mineral  acids. 

These  data  indicate  that  in  the  salts  in  which  the  acidic  component  is  a  dicarboxylic  acid,  the  hydrazine 
is  a  monoacidic  base  at  all  component  ratios,  including  the  ratio  1: 1. 

The  acid  salts  readily  crystallized  from  alcohol  solutions  in  contrast  to  the  neutral  ones,  which  separated 
as  an  oil  that  slowly  formed  hygroscopic  crystals. 

From  the  material  presented  it  follows  that  hydrazine  and  diamines  behave  differently  in  the  formation  of 
salts  with  dicarboxylic  acids.  The  same  difference  is  also  noted  in  the  formation  of  polyamide  resins  from  these 
compounds.  While  from  different  ratios  of  the  dicarboxylic  acids  and  diamines,  one  can  expect  only  changes  in 
the  length  of  the  polymer  macromolecules  and  not  changes  in  the  composition,  which  is  characterized  by  the 

regular  alternation  of  one  acid  residue  and  one  diamine  residue  — HN-R-NH— CO-Ri  — 
~CO— ;  in  the  case  of  the  polycondensation  of  hydrazine  with  dicarboxylic  acids  we  ob¬ 
serve  the  formation  of  a  polymer  with  a  structural  group  consisting  of  one  acid  residue 
and  two  hydrazine  residues  (A)  [15]. 

Thus,  hydrazine  behaves  as  a  monacidic  base  in  the  formation  of  polyamide  resins, 
also.  This  leads  to  the  conclusion  that  not  only  the  compositions  of  the  salts  from  which 
the  polyamides  are  formed,  but  also  the  compositions  of  the  polyamide  polymers  are 
regulated  by  the  ratio  of  the  dissociation  constants  of  the  functional  groups  of  the  com¬ 
ponents. 


N— N 

—  R— d  yC— 

\n/ 

I 

NHa 

(A) 


EXPERIMENTAL 

Salts  were  prepared  from  sebacic  and  azelaic  acids  and  diamines  by  the  method  described  in  [1]. 

98*5^  hydrazine  was  used  for  the  preparation  of  salts  from  dicarboxylic  acids  and  hydrazine.  Since  salts 
based  on  hydrazine  crystallized  slowly  and  in  poor  yields  from  aqueous  alcohol  solutions,  they  were  obtained 
from  96%  alcohol. 

When  salts  were  prepared  from  hydrazine  and  adipic  and  succinic  acids  in  a  molar  ratio  of  2 : 1,  an  oil 
precipitated.  The  nil  was  separated  from  the  alcohol  and  heated  in  vacuum  (5-10  mm)  on  a  boiling  water  bath 
for  one  hour  to  remove  traces  of  alcohol  and  water.  The  oil  crystallized  on  standing. 

The  amount  of  hydrazine  in  the  salts  was  determined  directly  by  the  iodate  method,  using  a  solvent  [16]. 

SUMMARY 

1.  It  was  established  that  the  composition  of  salts  of  diamines  and  azelaic  and  sebacic  acids,  prepared  with 
various  molar  ratios  of  the  starting  reagents,  was  constant  and  this  agrees  with  previous  conclusions  [1]  on  salts  of 
a  series  of  other  dicarboxylic  acids. 

2.  With  sebacic  and  azelaic  acids,  hydrazine  forms  salts  which  contain  equimolecular  amounts  of  the  base 
and  the  acid.  Adipic  and  succinic  acids  form  such  salts  only  in  the  absence  of  excess  hydrazine.  In  the  latter 
case,  the  presence  of  excess  hydrazine  causes  the  formation  of  salts  with  the  composition  of  2  moles  of  hydrazine 
to  1  mole  of  acid. 

3.  It  was  established  that  hydrazine  behaves  as  a  monoacidic  base  in  aqueous  solutions  of  salts  composed 
of  hydrazine  and  a  dicarboxylic  acid  in  equimolecular  amounts. 

4.  The  composition  of  polyamide  resins,  formed  from  dicarboxylic  acids  and  diamines  or  hydrazine,  ap¬ 
parently,  similarly  to  the  composition  of  the  salts  of  the  corresponding  compounds,  is  controlled  by  the  values 
of  the  dissociation  constants  of  the  starting  materials. 
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INVESTIGATION  OF  HETEROCYCLIC  N-OXIDES 
VI.  POLAROGRAPHIC  REDUCTION  OF  SOME  N  -OXIDES  OF  PHENAZINES  AND  ACRIDINES 

O.N.  Nechaeva  and  Z.V.  Pushkareva 


N-Oxides  of  nitrogen -containing  heterocyclic  compounds  are  interesting  in  many  connections  and.  in  par¬ 
ticular,  some  of  them  are  of  interest  as  physiologically  active  substances  [1-3].  The  N-oxides  of  the  pyridine 
and  quinoline  series  have  been  studied  in  most  detail  [4]. 

In  our  previous  reports  we  described  the  results  of  the  synthesis  and  systematic  study  of  N-oxides  of  more 
complex  heterocyclic  systems  (acridine,  quinoxaline,  phenazine  and  others)  [5-8].  One  of  us  and  L.V.  Variukhina 
[7]  were  able  to  use  the  polarographic  method  to  establish  the  relation  between  the  structure  of  the  molecule  and 
the  ease  of  reduction  of  the  N  -♦  O  bond. 


In  developing  these  investigations,  we  examined  the  polarographic  reduction  of  compounds  (IV) -(XI)  of  the 
phenazine  series  and  (XIV)-(XXV)  of  the  acridine  series,  some  of  which  were  synthesized  for  testing  their  action 
on  the  organism  causing  Brucella  infection  [9]. 
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The  phenazine  derivatives  were  synthesized  so  as  to  follow  the  effect  of  different  substituents  on  the  sta¬ 
bility  of  the  N  -♦  Obond  relative  to  reduction  at  a  dropping  mercury  electrode  and  on  the  capacity  for  reduction 
of  the  heterocyclic  system  itself.  A  study  was  made  in  parallel  of  the  effect  of  substituents  on  the  biological  ac¬ 
tivity  of  the  N-oxide  (II)  and  dioxide  of  phenazine  (HI),  of  which  the  latter  is  more  active  rhan"acrichin*\atebrin) 
as  regards  the  organism  causing  Brucella  infection.  The  substituents  chosen  were  Cl,  NH2,  CH  and  the  electron 
acceptor  group  NO2.  All  the  substituents  were  introduced  into  the  6 -position  of  the  phenazine  ting. 

In  tfie  acridine  series,  we  studied  some  compounds  which  we  were  the  first  to  prepare  [9]  -N-oxides  of  9- 
amino  and  9-hydrazino  derivatives,  (XIX),  (XXI),  (XXIII),  (XXV),  and  also  N-oxides  of  9-phenoxy  derivatives 
(XV)-(XVII).  which  are  intermediates  in  the  preparation  of  9-amino  and  9-hydrazino  derivatives  and  are  of  in¬ 
terest  in  themselves  to  some  extent. 

Both  in  the  phenazine  and  the  acridine  series,  we  also  studied  the  unoxidized  base,  corresponding  to  each 
of  the  N-oxides. 

Substance  (IV)-(XI).  and  also  (XIV).  (XVII),  (XVIII).  (XX),  (XXII)  were  synthesized  by  methods  described 
in  the  literature;  the  syntheses  of  substances  (XV),  (XVI),  (XIX),  (XXI),  and  (XXIII)-(XXV)  were  described  in  a 
previous  communication  [9].  All  substances  were  carefully  purified  by  recrystallization  to  constant  melting  point. 

The  polarographic  reduction  was  performed  in  a  Heyrovsky  micro polarograph  with  which  the  curves  of  cur¬ 
rent  strength  against  voltage  were  obtained  automatically  and  recorded  photographically.  The  measurements  for 
the  acridine  derivatives  were  performed  with  a  galvanometer  sensitivity  of  1/30  and  1/50  and  for  the  phenazine 
derivatives,  a  sensitivity  of  1/100.  The  bulk  of  the  compounds  were  polarographed  at  a  concentration  of  1  •  10"*  M. 
The  exceptions  were  2 -hydroxyphenazine  and  the  dioxide  of  2-hydroxyphenazine,  which  were  reduced  at  1*  10‘*  M 
concentration  due  to  their  low  solubility.  All  the  measurements  were  performed  in  alcohol  solution  in  an  acetate 
buffer. 

The  polarographic  curves  are  shown  in  Figs.  1-20.  The  measurement  results  are  given  in  Table  1.  All  the 
half-wave  potential  values  (£1^2)  relative  to  the  potential  of  a  saturated  calomel  electrode  (s.c.e.). 
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TABLE  1 


Formula 
No.  in 

text 

Name  of 
substance 

Melting 

point 

Concen¬ 

tration 

(M) 

Half-wave  po¬ 
tential  (rela¬ 
tive  to  a,  satu¬ 
rated  calornel 
electrode)  (v) 

Limiting  dif¬ 
fusion  current 
(mA) 

(I) 

Phenazine 

171° 

1  •  10-3 

-0.364 

5.00 

(11) 

Phenazine  N-oxide 

224 

1  •  10-3 

-0.218,  -0.382 

3.50,  3.10 

(111) 

Phenazine  dioxide 

190-191 

1  •  10-3 

-0.218,  —0.364 

7.77,  4.04 

(IV) 

2  -Chlorophenazine 

139 

1  •  10-3 

—0.42 

5.70 

(V) 

2  -Chlorophena  zine 
N-oxide 

174-175 

1  •  10-3 

—0.22,  —0.42 

5.75,  5.72 

(VI) 

2  -Chlorophenazine 
dioxide 

190—191 

1  •  10-3 

—0.27,  —0.47 

12.50,  6.25 

(VII) 

2-Nitrophenazine 

217 

1  •  10-3 

—0.25,  —0.69 

3.64, 15.10 

(VIII) 

2  -Nitrophenazine 
N-oxide 

203 

1  •  10-3 

-0.24,  -0.72 

9.90, 15.20 

(IX) 

2-Hydroxyphenazine 

2-  "  "  dioxide 

254 

1  •  10-* 

-0.45 

0.57 

(X) 

280 

1  •  lO-* 

—0.30,  —0.45 

3.11,  1.56 

(XI) 

2-Aminophenazine 

287 

1  .  10-3 

-0.54 

6.50 

(XII) 

Acridine 

107 

1  •  10-3 

-0.618 

2.08 

(XIII) 

Acridine  N-oxide 

169 

(decomp) 

1  •  10-3 

-0.854 

4.66 

(XIV) 

9  -Phenoxyacridine 

131 

1  •  10-3 

-0.74,  —1.57 

3.64,  6.50 

(XV) 

9  -Phenoxyacridine 
N-oxide 

152 

1  •  10-3 

-0.82,  —1.60 

2.85,  2.90 

(XVI) 

2 -Methoxy -9 -phenoxy - 
acridine  N-oxide 

138 

1  •  10-3 

-0.81,  —1.50 

5.70,  4.41 

(xvn) 

2  -Methoxy  -6  -chloro  -9  - 
phenoxyacridine  N- 
oxide 

175 

1  •  10-3 

-0.80,  —1.54 

3.12,  1.88 

(XVIII) 

9-Aminoacridine 

236 

1  •  10-3 

—1.21,  —1.51 

4.80,  0.91 

(XIX) 

9-Aminoacridine 

N-oxide 

223 

1  •  10-3 

-0.98,  —1.24, 
—1.54 

2.89, 3.38, 0.92 

(XX) 

2  -  Methoxy  -6  -chloro  -9  - 
aminoacridine 

250 

1  •  10-3 

—1.20,  —1.50 

4.58,  0.91 

(XXI) 

2 -Methoxy -6 -chloro -9- 
aminoacridine  N- 
oxide 

237 

1  .  10-3 

—0.98,  —1.25, 
-1.51 

3.65, 4.68, 1.30 

(XXII) 

9-Hydrazinoacridine 

169 

1  •  10-3 

-0.96,  -1.30 

2.87,  4.75 

(XXIIl) 

9 -Hydra  zinoacri  dine 
N-oxide 

168 

1  •  10-3 

—0.98,  —1.24 

2.87,  3.90 

(XXIV) 

2-Methoxy-6-chloro-9- 
hy  dra  zi  noa  cridi  ne 

161 

1  •  10-3 

—0.70,  —1.27 

1.17,  3.98 

(XXV) 

2 -Methoxy -6 -chloro -9- 
hydrazinoacridine 
N-oxide 

171 

1  •  10-3 

—0.66,  —1.44 

2.85,  3.90 

Phenazine  Derivatives 

As  is  known,  phenazine  is  a  heterocycle  which  readily  undergoes  oxidation -reduction  conversions.  It  is 
readily  reduced  at  a  mercury  dropping  electrode  at  Ej/j  =  -0.364  V.  According  to  data  in  [7],  the  N  -►O  bond 
in  phenazine  N-oxide  is  reduced  at  a  mercury  dropping  electrode  more  readily  than  in  the  N-oxides  of  other 
heterocycles,  giving  a  half-wave  potential.  Which  is  strongly  displaced  toward  positive  values  (-0.22  V). 

The  reduction  of  phenazine  N-oxides,  which  do  not  contain  readily  reducible  groups  as  substituents,  pro¬ 
ceeds  in  two  stages,  giving  a  polarographic  curve  with  two  waves  (Figs.  2,  3  and  1).  Here  the  first  wave  refers 
to  the  reduction  of  the  N  -*0  bond  and  the  second  to  the  reduction  of  the  phenazine  system  to  the  dihydrophen- 
azine.  With  a  nitro  group  present  in  the  molecule,  one  would  expect  the  appearance  of  three  waves,  though  the 
polarographic  curve  (Fig.  5)  has  only  two  waves.  This  is  apparently  due  to  the  fact  that  in  this  molecule  the 
N  -►  Obond  and  the  phenazine  system  are  reduced  at  identical  half-wave  potential  values  (—0.24  V).  In  fact, 
the  height  of  the  first  wave  in  the  case  of  the  N-oxide  is  almost  twice  as  great  as  the  first  wave  for  the  unoxidized 
base  (Figs.  4  and  5). 

The  unoxidized  bases  give  polarographic  curves  with  one  wave  (Figs.  1,  6  and  8).  The  exception  is  2-ni- 
trophenazine  and  the  second  wave  on  its  polarogram  corresponds  to  the  reduction  of  the  nitro  group  (Fig.  4). 
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Fig.  1.  Polarogram  of  2-chlorophena-  Fig.  2.  Polarogram  of  2-chlorophenazine  N- 

zine.  oxide. 


Data  presented  in  Table  1  show  that  the  reduction  potential  of  the  N  -►  O  bond  changes,  depending  on  the 
character  of  the  substituent  in  the  phenazine  N -oxide  ring.  The  introduction  of  chlorine  into  position  2  of  phen- 
azine  N-oxide  has  hardly  any  effect  on  the  capacity  of  the  N  -*•  O  bond  for  reduction  at  a  mercury  dropping 
electrode.  Thus,  the  half-wave  potential  of  2-chlorophenazine  N-oxide  is  -0.22  V,  for  2-chlorophenazine  di¬ 
oxide  it  is  —0.27  V  and  -0.22  V  for  unsubstituted  phena¬ 
zine  N -oxides  (Figs.  2  and  3).  The  introduction  of  a  nitro 
group  into  the  same  position  gives  approximately  the  same 
effect.  The  results  are  changed  when  the  substituents  are 
the  electron  donor  groups  OH  and  NH2,  which  produce  a 
displacement  of  the  half-wave  potential  toward  more  nega¬ 
tive  values. 

A  similar  picture  was  also  observed  on  analyzing  the 
half-wave  potentials  referring  to  the  phenazine  molecules 
themselves  (Table  2)  (the  second  wave  in  the  case  of  the 
N -oxides  and  the  first  wave  in  the  case  of  the  unoxidized 
bases). 

As  can  be  seen,  conjugation  of  an  electron -donor 
group  with  the  ring  leads  to  a  considerable  increase  in  the 
electron  density  at  the  hetero  atom,  making  its  reduction 
at  a  mercury  dropping  electrode  more  difficult.  On  the 
other  hand,  the  electron -acceptor  nitro  group  facilitates  the  reduction. 

In  the  synthesis  of  N-oxides  for  biological  testing,  there  is  interest  in  the  general  result  by  introducing 
substituents  into  tiie  phenazine  ring  it  is  possible  to  affect  the  stability  of  the  N  -►O  bond  with  respect  to  reduc¬ 
tion  (it  is  known  that  some  N-oxides,  which  have  biological  activity  in  vitro, are  easily  inactivated  in  vivo  due 
to  the  loss  of  the  oxide  oxygen  . 


Fig.  3.  Polarogram  of  2-chlorophenazine  di 
oxide. 


TABLE  2 


Substance 

Phenazine 

2-Chloro- 

phenazine 

2 -Nitro-  - 
phenazine 

2 -Hydroxy - 
phenazine 

2 -Amino 
phenazine 

-0.36 

—0.37 

-0.20 

-0.45 

-0.54 

Acridine  Derivatives 

By  comparing  polarograms  for  9-chloroacridine  N-oxide  and  unoxidized  9-chloroacridine  derivatives,  it 
was  shown  [7]  that  in  contrast  to  acridine  N-oxide  (XIII),  they  gave  two  polarographic  waves  and  the  second  of 
these  was  due  to  the  chemical  features  of  die  heterocycle  itself. 
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(VIII) 


By  considering  the  data  on  polarographic  reduction,  presented  in  Table  1,  one  can  make  the  following  ob¬ 
servations. 

1.  Like  9-chloroacridine  and  in  contrast  to  unsubstituted  acridine,  9-phenoxyacridine  (XIV)  gives  two 
polarographic  waves.  The  value  of  E1/2  for  the  first  wave  is  close  to  the  half-wave  potential  of  acridine  (-0.75 
and  —0.62  V,  respectively),  while  the  second  stage  of  the  reduction  proceeds  at  strongly  negative  half-wave  po¬ 
tentials  (-1.58  V),  giving  a  definite  wave  on  the  polarogram  (Fig.  9). 
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m.  A 


E  (s.c.e.) 


Fig.  10.  Polarogram  of  9 -p)henoxy acri¬ 
dine  N -oxide. 


E  (s.c.e.) 

Fig.  12.  Polarogram  of  2-methoxy-6- 
chlo-o-9-phenoxyacrldine  N -oxide. 


ff  0.4  0.8  tZ  16 


E  (s.c.e.) 

Fig.  11.  Polarogram  of  2-methoxy-9- 
phenoxyacridine  N -oxide. 


Ei/2  (s.c.e.) 

Fig.  13.  Polarogram  of  9-aminoacri- 
dine. 


0  04  0.8  1?  1.6 

E  (s.c.e.) 


Fig.  14.  Polarogram  of  9-aminoacri- 
dine  N -oxide. 


0  04  08  U  16 

E  (s.c.e.) 


Fig.  15.  Polarogram  of  2 -methoxy -6- 
chloro  -9  -aminoacridine. 


Unexpectedly,  9-phenoxyacridine  N-oxides  also  give  two.and  not  three.waves,  when  the  Ejy^  value  of  the 
second  wave  remains  almost  unchanged  (of  the  order  of  -1.5  to  -1.6  V)  and  the  first  stage  of  the  reduction  pro¬ 
ceeds  at  a  potential  of  from  —0.80  to  —0.82  V,  i.e.,  with  approximately  the  same  ease  as  the  reduction  of  the 
N  -*0  bond  in  unsubstituted  acridine  N-oxide  (—0.85  V)  (Figs.  10-12).  It  is  still  unclear  why  the  wave  charac¬ 
terizing  the  reduction  of  the  acridine  ring  is  absent  from  the  polarogram. 
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E(s.c.e.)  E(s.c.e.) 


Fig.  16.  Polarogram  of  2-methoxy-6-  Fig.  17.  Polarogram  of  9-hydrazinoac 

chloro-9-aminoacridine  N-oxide.  ridine. 


0  OA  0.8  1.2  16 


E  (s.c.  e.) 

Fig.  18.  Polarogram  of  9-hydrazinoac- 
ridine  N  oxide. 


E  (s.c.e.) 

Fig.  19.  Polarogram  of  2-methoxy-6- 
chloro-9-hydrazinoacridine. 


mA 


E  (s.c-e) 


Fig.  20.  Polarogram  of  2-methoxy-6- 
chloro -9  -hydra  zinoacridine  N  -oxide. 


2.  2-Aminoacridine  (XVIII)  and  2-methoxy-6- 
chloro-9-aminoacridine  (XX)  are  reduced  at  half-wave 
potentials,  which  are  strongly  displaced  toward  more 
negative  values  (—1.21  and  —1.20  V  instead  of  —0.618  V 
for  acridine),  apparently  as  a  result  of  conjugation  in  the 
system  (XXVI)  and  a  considerable  increase  in  the  elec¬ 
tron  density  at  the  hetero  atom.  In  addition,  the  polaro- 
grams  show  a  second  indistinct  wave  with  Ejy^  =  —1.51 
and  -1.50  V  (Figs.  13  and  15). 

The  9-aminoacridine  N-oxides  (XIX)  and  (XXI)  are 
reduced  in  two  stages  (there  is  also  an  indistinct  third 
wave  at  strongly  negative  potentials).  The  first  stage 
conesponds  to  the  reduction  of  the  N  -*-0  bond  (—0.98  V) 
and  die  second  to  the  reduction  of  the  acridine  ring 
(-1.24  and  -1.25  V)  (Figs.  14  and  16). 


3.  The  reduction  of  9-hydrazinoacridines  (XXII) 

and  (XXIV)  goes  in  two  stages  and  the  polarograms  show  two  quite  distinct  waves  (Figs.  17  and  19). 

In  all  probability,  the  first  half-wave  potential  refers  to  the  reduction  of  the  hydrazine  link  (considering 
data  on  the  polarographic  reduction  of  arylhydrazines).  On  going  from  the  unoxidized  bases  to  the  N-oxides.  as 
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(XXVI) 


in  the  case  of  the  Qrphenoxy  derivatives,  the  polarograms  show  only  two  reduction  stages 
(Figs.  18  and  20). 

As  in  the  phenazine  series,  in  general  the  introduction  of  electron -donor  groups  (amino 
and  hydrazino  groups)  into  position  9  of  the  acridine  N-oxide  molecule  leads  to  considerable 
stability  of  the  N  -*-0  bond  toward  reduction  at  a  mercury  dropping  electrode. 

SUMMARY 


The  polarographic  reduction  of  20  heterocyclic  compounds  was  performed.  It  was 
shown  that  the  introduction  of  substituents  of  different  characters  into  the  acridine  and  phenazine  N-oxide  mole¬ 
cules  substantially  affects  the  half-wave  potential  of  the  N  -►  Obond  and  the  heterocycle  itself;  here  an  electron 
acceptor  group  (NOj)  produces  a  displacement  of  the  half-wave  potentials  toward  more  positive  values;  on  the 
other  hand,  electron -donor  groups  (NH^  and  OH)  displace  the  half-wave  potentials  toward  more  negative  values. 
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INVESTIGATION  OF  HETEROCYCLIC  N-OXIDES 

VIL  DIPOLE  MOMENTS  AND  CHEMICAL  FEATURES  OF  SOME  DERIVATIVES 
OF  PHENAZINE  AND  ACRIDINE  N-OXIDES 

Z.V.  Pushkareva  and  O.N.  Nechaeva 


In  one  of  our  previous  communications,  we  described  the  results  of  measuring  the  dipole  moments  of  the 
N -oxides  of  various  heterocyclic  systems  and  demonstrated  the  dependence  of  the  dipole  moment  of  the  N  -*•  O 
bond  on  the  structure  of  the  heterocycle  and  the  interrelation  of  the  polarity  of  the  N  -►O  bond  and  its  capacity 
for  reduction  at  a  mercury  dropping  electrode  [1]. 

We  synthesized  a  series  of  N-oxides  of  phenazlne  (I)  and  acridine  (VIII),  containing  various  substituents  in 
the  ring,  for  testing  their  action  on  the  organism  causing  Brucella  infection  [2]  and  to  reduce  them  polarograph- 
ically  [3], 

The  dipole  moments  of  a  considerable  number  of  these  N-oxides  and  the  unoxidized  bases  conesponding 
to  them  were  studied  and  the  present  article  is  devoted  to  the  results  of  these  measurements  [for  the  phenazine 
derivatives  (II)-(VII)  and  the  acridine  derivatives  (IX)-(XVI)]. 


Substances  (II)-(VII),  (IX),  (XII)  and  (XIII)  were  synthesized  by  methods  described  in  the  literature.  We 
prepared  and  described  [2]  substances  (X),  (XI),  (XIV)-(XVI)  previously.  All  the  substances  were  carefully  puri¬ 
fied  to  constant  melting  point. 
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(VI) 


0 
t 


rrn 


Cl 


i 

o 

(IV) 
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(IX) 
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OQjHs 
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(XI) 


Nil— NHj 
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CK 

; 

0 

(XII) 

NH— NH2 
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(XIII) 

Nil— Nllg 
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0 

(XIV) 


Nil— NII2 


Cl 


OCH. 


(XV) 


ci/X/x^/X^ 

i 

o 

(XVI) 


The  dielectric  constants  c  were  determined  by  the  heterodyne  method  in  benzene  solutions  at  25“  in  an 
apparatus  where  the  density  d  was  measured  simultaneously  with  a  torsion  balance. 


The  total  polarization  at  infinite  dilution  (Poj)  was  calculated  by  Hedestrand's  method  [4]  from  the  experi¬ 
mental  data  for  e  and  d.  The  electron  polarization  Pg  was  calculated  as  the  molecular  refraction;  the  refrac¬ 
tion  of  N  -►O  was  calculated  from  the  refraction  of  pyridine  N -oxide.  The  atomic  polarization  P^  was  neglected, 
as. for  the  compounds  studied,  the  orientation  polarization  had  a  large  value  and  the  values  of  P3  included  in  it 
had  no  substantial  effect  on  the  value  of  the  dipole  moment. 


The  results  of  the  dipole-moment  measurements  are  presented  in  Table  1. 


For  comparison  with  the  experimental  values  of  the  dipole  moments,  the  vector  sums  of  the  bond  moments 
were  calculated  (Mgaig  ).  starting  from  the  dipole  moments  of  the  simplest  molecules  and  bonds.  In  the  cases 
where  different  molecular  configurations  were  theoretically  possible,  vector  sums  were  calculated  for  all  these 
configurations  <only  the  calculated  values  which  are  closest  to  the  experimental  values  are  given  in  Tables  2  and  3). 

For  convenience  in  discussion,  all  the  results  for  the  experimental  and  calculated  values  of  dipole  moments 
for  phenazine  (I)  derivatives  are  given  in  Table  2  and  those  for  acridine  (VIII)  derivatives,  in  Table  3. 

The  data  presented  in  Table  2  show  that  the  introduction  of  various  substituents  into  position  2  of  the  phen¬ 
azine  molecule  leads  to  a  large  dipole  moment  (Cl  —2.46  D,  NO^  -6.61  D,  NH2  —6.72  D),  while  the  dipole 
moment  of  unsubstimted  phenazine  equals  zero  (No.  1,  Table  2)  and  the  dipole  moment  of  phenazine  N-oxide 
(No.  2,  Table  2),  which  contains  the  comparatively  polar  N  -►O  bond,  equals  1.76  D.  This  is  apparently  con¬ 
nected  witfi  the  asymmetry  of  the  molecule,  with  the  considerable  interaction  of  the  electron  system  of  the  sub¬ 
stituent  with  the  electron  system  of  the  heteroatom  in  position  10, and  with  the  elongation  of  the  dipole  arising 
as  a  result  of  this. 

The  dipole  moment  of  2-chlorophenazine  N-oxide  (No.  4,  Table  2)  is  only  slightly  greater  than  the  dipole 
moment  of  the  unoxidized  base  (2.69  D  instead  of  2.46  D)  and  its  value  is  close  to  the  vector  sum  of  the  moments 
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TABLE  1 


Formula 
No.  in 
text 

Name  of  substance 

^  00 

PL  .  10'* 

exp 

(11) 

2  -Chlorophenazine 

179.966 

55.318 

2.46 

(III) 

2-Chlorophenazine  N-oxide 

209.654 

60.288 

2.69 

(IV) 

2 -Chlorophenazine  dioxide 

271.672 

65.258 

3.16 

(V) 

2  -Nitropnenazine 

956.877 

52.938 

6.61 

(VI) 

2-Nitrophenazine  N-oxide 

764.089 

57.908 

5.85 

(VII) 

2  -Aminophenazine 

986.539 

53.878 

6.72 

(IX) 

9  -Phenoxyacridine 

217.408 

97.947 

2.40 

(^) 

9-Phenoxyacridine  N-oxidd 

553.502 

102.917 

4.67 

(XI) 

2  -Methoxy  -9-phenoxyacridine 
N-oxide 

696.147 

108.232 

5.33 

(XII) 

2  -Methoxy  -6  -chloro  -9  -phenoxy  acri  - 
dine  N-oxide 

1011.887 

112.970 

6.60 

(XIII) 

9  -Hydrazinoacridine 

820.753 

79.135 

5.99 

(XIV) 

9-HY(Jrazinoacridine  N-oxide 

2  -Methoxy  -  6  -chloro  -9  -hydra  zino  - 

909.346 

84.105 

6.32 

(XV) 

1238.047 

89.315 

7.45 

acridine 

(XVI) 

2  -  Methoxy  -6  -chloro  -9  -hydra zino  - 

1493.718 

94.285 

8.23 

acridine  N-oxide 

TABLE  2 


Expt. 

No. 

Formula  No. 
in  text 

X 

Y 

R, 

u  .  lO'" 

"^exp 

'■^calc  ' 

0 

1 

0 

0 

2 

— 

-»-0 

— 

— 

1.7611] 

— 

3 

(11)  . 

— 

— 

Cl 

2.46 

1.55 

4 

(ill) 

->0 

— 

Cl 

2.69 

2.75 

5 

(IV) 

-►0 

-►0 

Cl 

3.16 

2.86 

6 

(V) 

— 

— 

NOa 

6.61 

3.95 

7 

(VI) 

-*0 

— 

NOa 

5.85 

4.89 

8 

(VII) 

NHa 

6.72 

1.53 

of  the  C-Cl  and  N  -►  O  bonds  (2.75  D).  On  the  other  hand,  the  dipole  moment  of  2-nitrophenazine  N-oxide  is 
less  than  the  dipole  moment  of  the  unoxidized  base  by  approximately  0,8  D.  2-Aminophenazine  has  the  greatest 
polarity  (Pexp.  =  D). 

The  data  given  in  Table  3  show  that  the  molecules  of  the  9-phenoxy  derivative  are  more  polar  than  the 
corresponding  9-chloro  derivative.  The  introduction  of  a  methoxyl  group  into  position  2  and  a  chlorine  into  po¬ 
sition  6,  considerably  increases  the  dipole  mpment  of  9-phenoxyacridine  derivative.  The  vector  sums  of  the 
moments,  calculated  for  free  rotation  of  the  phenoxy  groups,  are  the  closest  to  the  experimental  values. 

9-Hydrazinoacridine  has  a  very  large  dipole  moment  (5.99  D),  which  considerably  exceeds  the  dipole  mo¬ 
ment  of  9-aminoacridine  (4.13  D).  The  calculated  dipole  moment  is  much  less  than  the  experimental  (the  dif¬ 
ference  is  2.57  D).  The  introduction  of  a  methoxyl  group  into  position  2  and  a  chlorine  into  position  6  of  the 
acridine  molecule,  as  in  the  case  of  9-phenoxy  derivatives,  sharply  increases  the  dipole  moment  of  the  molecule. 

In  all  cases,  there  was  an  increase  in  the  dipole  moments  in  going  from  the  unoxidized  derivatives  of  acri¬ 
dine  to  their  N -oxides. 

Comparison  of  our  data,  characterizing  the  polarity  of  molecules  of  9-hydrazinoacridines,  with  data  on 
the  dipole  moments  of  9-aminoacridines  [5],  leads  to  the  conclusion  that  molecules  of  type  (A)  are  unusually 
polar  and  that 
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the  introduction  of  an  oxide  oxygen  into  them  further  increases  the  dipole  moment  of  the  molecule  [type  (B)]. 

Taking  into  account  the  fact  that  among  acridine  derivatives  of  type  (A)  there  are  many  physiologically 
active  substances,  one  may  consider  that  substances  of  type  (B),  the  first  representative  of  which  we  synthesized 
recently,  may  acquire  even  greater  interest  for  testing  their  biological  activities,  as  the  introduction  of  an  oxide 
oxygen  generally  imparts  valuable  biological  properties. 

TABLE  3 


Expt. 

Formula 

■■ 

•“^exp.’ 

•^calc.-*®" 

No. 

No.  in 
text 

X 

Rt 

R. 

B 

1 

2 

— 

-*0 

— 

— 

— 

1.84  (') 
4.0811) 

— 

3 

— 

— 

Cl 

— 

— 

Ol'l 

— 

4 

(TX) 

— 

OCbHb 

— 

— 

2.40 

2.56 

5 

(X) 

-^0 

OCeHg 

— 

— 

4.67 

4.34 

e 

(XI) 

OG«Hs 

OCH, 

— 

5.33 

4.97 

t 

(XII) 

-*.0 

OGoHb 

OCH3 

Cl 

6.60 

6.55 

8 

(XIII) 

— 

NH-NH, 

— 

— 

5.99 

3.42 

9 

(XIV) 

-►0 

NH-NHg 

— 

— 

6.32 

5.35 

10 

(XV) 

— 

NH-NHj 

OCH3 

Cl 

7.45 

5.08 

11 

(XVI) 

-►0 

NH-NHz 

OCH3 

Cl 

8.23 

5.21 

12 

— 

NHj 

— 

— 

4.13  [5] 

3.28 

13 

— 

NH2 

OCH3 

Cl 

6.73  15) 

4.95 

SUMMARY 

1.  Measurements  were  made  of  the  dipole  moments  of  14  substances  which  are  derivatives  of  phenazine 
and  acridine  and  their  N -oxides. 

2.  An  investigation  was  made  of  the  interaction  of  the  N  -♦O  bond  in  phenazine  and  acridine  N-oxides 
with  various  substituents  in  the  heterocyclic  ring. 
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INVESTIGATION  OF  STRUCTURAL  FEATURES  AND  CHEMICAL  CONVERSIONS 
OF  CARBAZOLE  AND  SOME  OF  ITS  DERIVATIVES 

II.  SOME  PROPERTIES  OF  3-AMINOCARBAZOLE  AND  ITS  DERIVATIVES 
S.I.  Omel'chenko  and  Z.V.  Pushkareva 


Despite  the  fact  that  many  papers  have  been  devoted  to  the  synthesis  of  3-aminocarbazole,  the  properties 
of  this  compound  have  not  been  studied  in  detail.  There  are  only  descriptions  of  the  acetylation  reaction  [1,  2] 
and  of  some  9 -substituted  3 -aminocarbazoles  with  physiological  activity  [3-6]. 


In  order  to  extend  the  knowledge  of  3-aminocarbazole,  we  studied  the  alkylation,  acylation  and  carboxy- 
methylation  of  this  compound  and  also  the  ultraviolet  absorption  spectra  of  all  the  derivatives  obtained. 


The  methylation  with  dimethyl  sulfate  proceeded  at  room  temperature  in  an  alkaline  medium  with  the 
formation  of  3-dimethylaminocarbazole  (I)  with  m.p.  135-140'  (decomp.). 


/GH3 

Ml — 


I 

H 

(I) 


I  !l 


NHCOGells 


H 

(II) 


Depending  on  the  conditions,  the  acetylation  of  3-aminocarbazole  with  acetic  anhydride  could  give  either 
the  mono-,  di-  or  trlacetyl  derivatives. 

The  monobenzoyl  derivative  (II)  could  be  obtained  by  reacting  3-aminocarbazole  with  benzoyl  chloride 
in  the  presence  of  sodium  alcoholate. 


We  were  interested  in  carboxym ethylation  for  the  possibility  of  obtaining  3-carbazylglyclne  (III),  an  analog 
of  phenylglycine,  which  is  a  starting  material  in  the  synthesis  of  indigoid  dyes. 


^ _ /^/NHCHjCOOH 


./V™\ 

II  I 


CH, 


(III) 


I  II  II  I  / 

(IV) 


It  was  found  that  3-aminocarbazole  did  not  react  with  chloroacetic  acid,  despite  the  fact  Aat  all  possible 
conditions  were  tried.  Compound  (III)  was  obtained  only  when  bromoacetic  acid  was  used  as  the  alkylating 
agent;  the  product  was  isolated  as  a  greenish-gray  powder  with  m.p.  220*  (decomp.). 

Attempts  to  close  the  oxindole  ting  [(III)  -♦  (IV)]  both  by  alkaline  fusion  and  with  the  addition  of  various 
water-abstracting  agents  in  an  acid  medium  were  unsuccessfuL  Carbazylglycine  showed  extreme  stability  in  al¬ 
kaline  media  and  was  decomposed  quite  quickly  in  acids.  In  working  with  this  compound  we  noticed  its  interesting 
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tendency  to  change  into  a  black  product  with  a  sharp  m.p.  of  150*  on  standing  in  air  in  organic  solvents;  in  all 
probability  this  product  was  the  corresponding  quinonediimine  (V). 


Subsequently,  black  products  were  obtained  from  unsubstituted  S-aminocarbazole  (VI)  and  3,6-diamino- 
carbazole  (VII)  under  sli^tly  different  conditions. 

Comparison  of  the  ultraviolet  absorption  spectra  of  the  black  products  obtained  with  the  spectra  of  carba- 
zole  and  3-aminocarbazole  (Fig.  1)  confirmed  Ae  hypothesis  that  these  substances  had  structures  of  the  quinone¬ 
diimine  type  (their  spectra  were  similar  to  each  other  and  differed  sharply  from  the  spectra  of  the  original  car- 
bazole  and  3-aminocarbazole). 

Considering  the  singularity  of  3-aminocarba2»le,  observed  in  studying  its  simple  reactions,  attempts  were 
made  to  explain  the  peculiarities  of  its  structure  by  examining  its  ultraviolet  absorption  spectra. 

As  the  idea  of  nitro  derivatives  of  carbazole  having 
a  quinoid  structure  in  an  alkaline  medium  is  put  forward  in 
the  literature  [7],  we  studied  the  spectra  of  3-nitrocarbazole 
derivatives  (Fig.  2).  The  unexpected  similarity  of  the  spec¬ 
tral  curves  of  3-nltrocarbazole  in  alkaline  and  neutral  media 
indicates  the  absence  of  the  quinoid  form  in  alkaline  solu- 
tions.or  the  presence  of  the  latter  in  a  neutral  medium.  The 
introduction  of  substituents  into  position  9  (9-methylcarba- 
zole  and  9-nitrocarbazole),  which  excludes  the  possibility 
of  quinoid-form  formation,  did  not  produce  any  essential 
changes  in  the  spectral  curves  (Fig.  2),  indicating  the  ab¬ 
sence  of  quinoid  forms  of  3-nitrocarbazole. 

The  spectrum  of  3-aminocarbazole  (Fig.  3)  is  charac¬ 
terized  by  the  presence  of  a  deep  minimum  at  312  mp;  the 
sections  to  the  right  and  to  the  left  of  the  main  maximum  in 
the  carba2X)le  spectrum  are  considerably  changed.  3-Amino- 
carbazole  hydrochloride  has  a  spectrum  which  is  similar  to 
the  carbazole  spectrum  (Fig.  3).  The  peculiarity  of  the  3- 
aminocarbazole  curve  is  apparently  connected  with  the  pres¬ 
ence  of  an  interaction  between  the  electron  systems  of  the 
amino  and  imino  groups  of  the  compound  and  this  is  con¬ 
firmed  by  examining  tfie  spectral  curves  of  3-dimethylaminocarbazole  and  9 -methyl-3 -aminocarbazole  (Fig.  4). 
The  introduction  of  such  strong  electron-donor  residues  as  acetyl  and  benzoyl  into  the  atilino  group,  leads  to  a 
substantial  change  in  the  original  spectrum  of  the  amine  (Fig.  5). 


Lgt 


Fig.  1.  Absorption  spectrum  curves:  1)  car¬ 
bazole;  2)  quinonediimine  of  3-aminocar¬ 
bazole;  3)  quinonediimine  of  3-carbazylgly- 
cine;  4)  quinonediimine  of  3,6-diaminocar- 
bazole. 


EXPERIMENTAL 

3-Dimethylamlnocarbazole  (I).  0.5  ml  of  dimethyl  sulfate  and  1  ml  of  35*5^  NaOH  was  added  to  a  mix¬ 
ture  of  30  ml  of  water,  20  ml  of  acetone  and  1  g  of  3-aminocarbazole;  the  mixture  was  shaken  for  15  minutes, 
second  portions  of  dimethyl  sulfate  and  alkali  added  and  shaking  continued  fcv  one  hour.  The  whole  precipitate 
dissolved.  The  acetone  was  distilled  off  on  a  water  ba&,  Ae  aqueous  solution  adjusted  to  pH  9  and  the  brown  oil 
which  formed  was  separated  from  the  aqueous  layer  and  dissolved  in  anhydrous  alcohol.  (I)  was  precipitated  from 
the  alcohol  solution  wirii  absolute  ether  in  the  form  of  a  white,  finely  crystalline  precipitate  with  m.p.  135-140*. 
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Fig.  2.  Absorption  spectrum  curves;  1)  3-ni- 
trocarbazole;  2)  N -methyl -3 -nitrocarbazole; 
3)  N-nitroso -3 -nitrocarbazole;  4)  3 -nitrocar¬ 
bazole  in  an  alkaline  medium. 


Fig.  3.  Absorption  spectrum  curves; 
1)  3-aminocarbazole;  2)  3 -amino - 
carbazole  hydrochloride;  3)  carba- 
zole. 


logs 


Fig.  4.  Absorption  spectrum  curves; 

1)  3-aminocarbazole;  2)  3-dimethyl- 
aminocarbazole;  3)  N-methyl-3- 
aminocarbazole. 


logs 


Fig.  5.  Absorption  spectrum  curves: 
1)  3-aminocarbazole;  2)  3-mono- 
acetylaminocarbazole;  3)  3-ben- 
zoylaminocarbazole. 


The  yield  was  0.6  g  (57*54)).  Substance  (I)  could  not  be  diazotized.  indicating  the  presence  of  substituents  on  the 
amino  group. 

Found  N  6.87.  CaHaON.  Calculated  %  N  7.10; 
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3-Benzoylamlnocarbazole  (II).  1  g  of  3-aniinocarbazole  was  mixed  with  15  ml  of  sodium  alcoholate  and 
6  ml  of  benzoyl  chloride  added  carefully  with  stirring  and  cooling.  The  mixture  was  kept  without  stirring  for  a 
day  and  the  white,  crystalline  precipitate  filtered  off,  washed  with  water  and  recrystallized  from  alcohol  and 
acetone.  The  yield  was  1.20  g  (81.7*!!^)  and  the  m.p.  265“. 

Found  “fe  N  9.95.  CjgH^ON}.  Calculated  N  9.82. 

Substance  (II)  could  not  be  diazotlzed  and  would  not  couple. 

3-Carbazylglycine  (III).  1.82  g  of  3-aminocarbazole  was  dissolved  in  100  ml  of  acetone  and  to  the  solu¬ 
tion  was  added  L.4  g  of  bromoacetic  acid,  neutralized  in  the  cold  with  5  ml  of  2  N  sodium  hydroxide  solution. 
The  reaction  mixture  was  shaken  for  30  minutes,  heated  on  a  boiling  water  batii  for  0.5  hours  and  kept  for  12 
hours  at  room  temperature.  The  solution  was  then  diluted  with  100  ml  of  water,  the  acetone  distilled  off  and 
the  precipitate  formed  Altered  off  and  reprecipitated  from  ammonia  solution  with  hydrochloric  acid.  We  ob¬ 
tained  1.2  g  of  (III)  witii  m.p.  120“  (decomp.). 

Found  ^  N  11.66.  CuHaOjN,.  Calculated  N  11.57. 

The  substance  could  not  be  diazotlzed.  It  could  not  be  obtained  in  a  crystalline  form. 

Quinonediimine  of  3  -carbazylglycine.  2  g  of  (III)  was  dissolved  in  50  ml  of  alcohol  and  the  solution  kept 
in  air  at  room  temperature  for  3-4  hours  and  diluted  with  water;  substance  (III)  was  extracted  with  ether  and  dis¬ 
tillation  of  the  ether  extract  yielded  1.5  g  of  a  unifo>‘m  black  product  with  m.p.  175-180“. 

Found  ^  N  11.52.  CuHjoOiN,.  Calculated  %  N  11.76. 

The  quinonedilmines  of  3-aminocarbazole  and  3,6-diaminocarbazole  were  prepared  similarly,  though  the 
alcohol  solutions  of  the  starting  materials  were  shaken  in  air  for  1.5  days. 

The  ultraviolet  absorption  spectra  were  measured  on  an  SF-4  spectrophotometer  using  alcohol  solutions. 

SUMMARY 

1.  The  alkylation,  acylation,  benzoylation  and  carboxymethylation  of  3-aminocarbazole  were  performed 
and  demonstrated  the  essential  difference  between  the  amino  group  of  3-aminocarbazole  and  the  amino  groups 
of  normal  aromatic  amines. 

2.  The  tendency  of  3-aminocarbazole,  3,6-diaminocarbazole  and,  especially,  3 -carbazylglycine  to  under¬ 
go  oxidative  conversion  into  the  corresponding  quinonedilmines  was  observed. 

3.  Comparison  of  the  ultraviolet  spectra  of  3-aminocarbazole  derivatives  showed  that  its  chemical  singu¬ 
larity  was  caused  by  interaction  of  the  electron  systems  of  the  heteroatom  and  the  nitrogen  of  the  amino  group. 
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CATALYTIC  DEHYDROCONDENSATION  OF  TRIALKYLSIL  A  NES 
WITH  ALCOHOLS  IN  THE  PRESENCE  OF  METAL  CHLORIDES 


B.N.  Dolgov,  N.P.  Kharitonov,  N.E.  Glushkova  and  lu.I.  Khudobin 


The  present  work  is  a  continuation  of  our  investigations  on  the  catalytic  dehydrocondensation  of  trialkyl- 
and  triarylsilanes  with  hydroxy,  oxo  and  polyhydroxy  organic  compounds. 

Previously  [1]  the  catalysts  used  for  dehydrocondensation  of  R^SiH  with  alcohols  were  alcoholates  of  the 
alkali  metals  and, in  the  presence  of  these,  the  yields  of  trialkylalkoxysilanes  reached  80-90%, 

The  present  report  describes  the  use  of  small  amounts  of  various  metal  chlorides,  of  which  the  most  active 
were  ZnCl,  and  SnCl,,  in  the  dehydrocondensation  of  RgSiH  with  alcohols. 

The  rate  of  the  reaction  of  RjSiH  with  alcohols  depended  on  the  nature  and  the  amount  of  the  metal  chlo¬ 
ride.  Increasing  the  amount  of  chloride  in  the  reaction  mixmre  from  0.05  to  1  g  led  to  a  noticeable  growth  in 
the  reaction  rate,  but  a  further  increase  did  not  affect  the  process.  This  was  tried  on  the  reaction  of  methanol 
with  triethylsilane  at  a  ratio  of  2:1  (Table  1). 


TABLE  1* 


Catalyst 

Amount  of 
catalyst 

(in  g) 

Reaction 
time  (in 
minutes) 

Yield  of 
(CzHsljSiOCHg 
(in  %) 

ZnCl2 

1 

90 

97.7 

GdCla 

1 

2610 

97.2 

002012 

1 

2700 

0 

SnCl2 

1 

60 

98.0 

ZnOl2 

0.05 

4080 

96.8 

ZnOU 

0.1 

3660 

97.0 

ZnOl2 

0.2 

960 

96.9 

ZnOIj 

0.5 

360 

97.7 

ZnOl2 

3 

90 

98.4 

♦Experiments  at  120-125*. 

An  increase  in  the  length  of  the  alkyl  radical  from  CH3  to  n-C4H9,in  alcohols  of  normal  structure, lowered 
the  reaction  rate  (Table  2,  Expts.  1-3  and  5).  In  the  case  of  radicals  with  an  iso-structure,  steric  hindrance  low¬ 
ered  the  reaction  rate  considerably  (Table  2). 

In  contrast  to  the  dehydrocondensation  of  R3SiH  with  tert.  -butyl  alcohol  in  the  presence  of  alkali  metals  [1], 
this  reaction  could  not  be  realized  at  normal  pressure  or  in  an  autoclave  in  the  presence  of  ZnCl2  and  SnCl^ 
(Table  2,  Expts.  11  and  12). 

The  structure  of  the  trialky Isilane  also  had  a  substantial  effect  on  the  reaction  rate  (Table  3).  When  one 
of  the  ethyl  radicals  in  triethylsilane  was  substituted  by  methyl,  the  rate  of  reaction  with  n-butyl  alcohol  was  in¬ 
creased  by  a  factor  of  2  with  SnCl*  (Expts.  1  and  3)  and  a  factor  of  3.5  with  ZnCl2  (Expts.  2  and  4)  and  with  iso- 
butyl  alcohol  it  was  increased  by  a  factor  of  1.5  in  the  case  of  SnCl2  and  a  factor  of  4.5  in  the  case  of  ZnCl2. 
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TABLE  2* 


Expt. 

Formula 

Formula  of 

MeCla 

Reaction] 

Yield  of 

No. 

of  alcohol 

trialkylsilane 

iiill 

RsSiOR* 
(in  I0) 

1 

CHoOH 

(GaHfilaSiH 

Zn 

240 

98.0 

2 

CHsCHjOH 

(GaHgijSiH 

Zn 

270 

96.9 

8 

CHjGHjCHoOH 

(CHaljCHOH 

(GaHgfeSiH 

Zn 

300 

98.6 

4 

(GjHB)3SiH 

Zn 

480 

96.1 

5 

CH,GH2CH2CHaOH 

(GjHglaSlH 

Zn 

330 

96.0 

6 

(GH,)2GHGH2GHftOH 

(CaHBlsSiH 

Sn 

60 

98.0 

7 

(GHslaGHGHaOH 

(^2^5)3^* 

Zn 

3600 

86.6 

8 

9 

(GHgWGHGH.OH 

GHaCHGHaCfHs 

(GaHfilgSiH 

GHglp.-GiHglaSiH 

Sn 

Zn 

75 

540 

93.4 

86.9 

OH 

10 

GH3GHGH2GH3 

GH3(n.-G4HB)2SiH 

Sn 

90 

91.4 

OH 

11 

(GH8)3G0H 

GHs(a-G4Ho)2SiH 

Zn 

600 

0 

12 

(GH3)3G0H 

GH3(n..G4H9)2SiH 

Sn 

600 

0 

•Experiments  at  120-125*. 


TABLE  3 


Expt. 

No. 

Formula  of 
trialkylsilane* 

MeClj 
catalyst 
(nature  of 
Mel 

Reaction 
time  (in 
minutes) 

Yield  of 
RjSiOR’ 

(in  %) 

1 

(G2H6)3SiH 

60 

96.0 

2 

(GgHsIsSiH 

Zn 

330 

96.9 

3 

GH3(G2H5)2SiH 

Sn 

30 

85.5 

4 

GH3(G2H5)2SiH 

Zn 

90 

92.9 

5 

GH,{n.-G3H7)»SiH 

Sn 

45 

99.3 

6 

GH,(a-G3H7);SiH 

Zn 

105 

97.3 

7 

GH,(a-G4H9feSiH 

Sn 

45 

99.3 

8 

GH3(a-(J4H9)2SiH 

Zn 

no 

90.3 

9 

(0211.5)3^111 

Sn 

75 

96.0 

10 

(CaHshSiH 

Zn 

600 

96.9 

11 

GH3(G2H5)2SiH 

Sn 

45 

9.3.4 

12 

GH3(G2Hr,)2SiH 

Zn 

135 

92.7 

13 

GH3(n.-G3ll7)2Sill 

Sn 

45 

85.7 

14 

GH3(n.-G3H7)2SiH 

Zn 

135 

82.0 

15 

Gll3(n.'04H  9)2^5  iH 

Zn 

150 

90.0 

16 

GH3;n.-G4H9)2SiIl 

Sn 

50 

89.9 

•Experiments  1-8  were  performed  with  n-C4H90H  and  experiments  9-16 
with  primary  isobutyl  alcohol.  The  temperature  was  120-125®. 


The  dehydrocondensation  of  R3SiH  with  alcohols  in  the  presence  of  alkali  metal  alcoholates  [1]  or  metal 
chlorides  proceeds  by  an  ion-chain  mechanism. 

As  a  result  of  out  experiments  we  synthesized  13  trialkylalkoxysi lanes  (seven  of  them  for  the  first  time). 
The  physical  properties  of  the  new  substances  are  presented  in  Table  4.  The  physical  properties  of  the  known 
silanes  corresponded  to  the  properties  that  we  gave  for  these  compounds  previously  [1]. 

The  method  presented  of  synthesizing  trialky lalkoxysilanes  by  condensing  RjSiH  with  anhydrous  alcohols 
in  the  presence  of  metal  dilorides,  is  a  general  one  for  alkoxylation  of  the  Si  — H  bond.  The  method  makes  it 
possible  to  obtain  trialkylalkoxysilanes  in  a  pure  form.  As  special  experiments  showed,  side  products  are  not 
formed  in  this  reaction. 
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TABLE  4 


Trialky  lalkoxysilanes 


Boil- 

Molecular 

weight 

Si  con¬ 
tent 
(in  %) 

Formula 

ing 

point 

df> 

n« 

d 

S 

•0 

c 

3 

£ 

0* 

0 

a 

3 

t2 

0 

•o 

a 

3 

.2 

CH3(C2H5)2SiOCH2GH2GH2CH3  •* 

172.2® 

0.8060 

1.4125 

54.2 

53.9 

174.4 

1 

175.2, 

175.0 

16.1 

15.8, 

16.0 

GH3^n.-G3H7)2SiOGH2GH2GH2GH3  ••• 

202.5 

0.8094 

1.4200 

63.4 

63.3 

202.4 

202.2. 

202.0 

13.9 

13.7, 

14.0 

GH3(n.-G4Hfl)2SiOGH2GH2GH2GH3 

235.5 

0.8154 

1.4272 

72.7 

72.7 

230.5 

227.8, 

228.0 

12.2 

12.4, 

12.1 

GH3(G2H5)2SiOGH2GH(GH3)2 

166.5 

0.8009 

1.4098 

54.2 

53.9 

174.4 

173.1, 

175.1 

16.1 

16.0, 

15.9 

GH3(n.-G3H7)2SiOGH2GH(GH3)2 

197.3 

0.8046 

1.4172 

63.4 

63.2 

202.4 

200.8, 

201.8 

13.9 

14.1, 

14.0 

GH3(n.-G4H9)2SlOGH2GH(GH3)2 

228.3 

0.8114 

1.4250 

72.7 

72.4 

230.5 

229.0, 

227.8 

12.2 

12.6, 

12.3 

GH3(n.-G4H9)2SiOGHGH2GH3 

GH3 

226.6 

0.8132 

1.4260 

72.7 

72.5 

230.5 

232.5, 

227.4 

12.2 

12.3, 

12.5 

*  Molecular  refractions  were  calculated  according  to  data  in  [4]. 

♦•Found  ‘7a:  C  61.8,  61.8;  H  12.9,  12.8.  CaH^SiO.  Calculated  *7?  C  62.0;  H  12.8. 

•••Found  ‘7«  C  65.3,  65.4;  H  12.9,  13.0.  CuHjeSiO.  Calculated  '7«  C  65.3;  H  12.9. 

EXPERIMENTAL 

The  trialkylsilanes  were  prepared  by  the  Grignard  method  from  HSiClj,  CH3SiHC]2  and  the  appropriate  al¬ 
kyl  halides.  The  constants  and  yields  of  the  three  trialkylsilanes  are  given  in  Table  5. 


TABLE  5 


Formula  of 
trialky  Isilane* 

Boiling 

point 

Yield 
(in  %) 

Gn.,(C2H  5)78111 

77.9° 

0.7054 

1.3984 

41 

CH3(n.-G3ll7)2SiH 

128.2 

0.7337 

1.4135 

70 

cn  3(0.-04119)23  ill 

172.9 

0.75.39 

1.4242 

72 

♦Data  for  (C2H6)SiH  was  given  previously  [1].  The  alcohols  used  in  the 
reactions  were  distilled  over  metallic  calcium  and  their  constants  agreed 
with  literature  data  [2]. 


The  zinc,  cadmium,  tin  and  copper  chlorides  were  first  dehydrated  by  the  generally  accepted  procedure  [3]. 

The  procedures  for  synthesizing  the  triallqrlalkoxysilanes  and  determining  tiieir  physical  constants  and  sili¬ 
con  contents  were  described  by  us  previously  [1].  The  carbon  and  hydrogen  in  R3SiOR  were  determined  by  com¬ 
bustion  of  microsamples  of  the  material  in  an  empty  tube.^ 

As  an  example  of  the  general  procedure  of  trialkylalkoxysilane  synthesis,  the  preparation  of  triethylmeA- 
oxy silane  is  presented  below. 

•The  C  and  H  contents  were  determined  by  lu.N.  Platonov,  to  whom  the  authors  are  grateful. 
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Triediylmethoxysilane.  6.5  g  of  methyl  alcohol,  1.0  g  of  ZnClj,  and  11.6  g  of  trietftylsilane  were  boiled 
until  the  evolution  of  hydrogen  ceased  completely.  The  reaction  was  performed  at  120-125®.  When  the  reaction 
had  proceeded  for  61  hours,  2.4  liters  of  hydrogen  had  been  evolved.  The  maximum  temperature  of  the  reaction 
mixture  reached  135®  at  the  end  of  the  reaction.  Distillation  of  the  reaction  mixture  yielded  3.2  g  of  methyl 
alcohol  and  14.2  g  of  triethylmethoxysilane. 


SUMMARY 

1.  A  study  was  made  of  the  reaction  of  trialkylsilanes  wiih  monohydric  alcohols  in  the  presence  of  metal 
chlorides. 

2.  It  was  shown  that  some  metal  chlorides  catalyze  the  dehydrocondensation  of  RjSiH  with  alcohols.  The 
most  effective  catalysts  are  SnClj  and  ZnClj.  The  yields  of  trialkylalkoxysilanes  reached  99*5^ 

3.  A  relation  was  established  between  the  course  of  the  reaction  and  the  stmcture  of  R^SiH  and  the  alcohol, 
and  the  nature  and  amount  of  tlte  catalyst. 

4.  Seven  new  trialkylalkoxysilanes  were  prepared. 
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CATALYTIC  DEHYDROCONDENSATION  OF  TRIALKYLSIL ANES  WITH  GLYCOLS 


B.N.  Dolgov,  N.P.  Kharitonov  and  T.  V.  Tsukshverdt 


We  previously  investigated  the  catalytic  dehydrocondensation  of  trialkylsilanes  with  'monohydric  alcohols. 

A  relation  was  established  between  the  course  of  the  reaction  and  the  structure  of  the  alcohol  and  the  trialkyl- 
silane  and  the  nature  of  the  alkali  metal  alcoholate  added  as  a  catalyst.  It  was  shown  that  it  was  possible  to 
replace  the  hydrogen  atom  attached  to  the  silicon  by  primary,  secondary  and  tertiary  alkoxy  groups  [1]. 

The  present  paper  reports  the  catalytic  dehydrocondensation  of  trialkylsilanes  with  glycols. 

Existing  literature  data  show  that  it  is  possible  to  react  glycols  with  SiCl^  and  alkyl  (aryl)  silane  chlorides. 
Thus,  dimethyldichlorosilane  and  ethylene  glycol  condense  to  a  dimer  and  other  glycols  to  monomeric  dimethyl- 
alkylidenedioxysilanes  [2].  Sprung  and  Nelson  [3]  prepared  trimethylsilyl  derivatives  from  trimethylchlorosilane 
and  glycols.  Trimethylchlorosilane  and  SiCl*  with  1,4-butanediol  indioxane,  and  without  it, formed  only  linear 
and  cross-linked  polymers  [4].  Hahn  [5,  6]  treated  1,3-  and  1,4-butanediols  and  diglycol  with  SiCl4  *0  isolate 
monomers  with  6,  7  and  8-membered  rings.  There  is  no  mention  of  the  direct  reaction  of  trialkylsilanes  with 
glycols  in  the  literamre. 

In  smdying  the  catalytic  dehydrocondensation  of  R3SiH  with  glycols,  we  started  from  (C2H5)3SiH,  (C3H7)jSiH, 
(C4H9)3SiH  and  C2H5(C4H9)2SiH.  The  dihydric  alcohols  used  were  ethylene  glycol,  1,2-propanediol,  1,3-,  1,4- 
and  2,3-butanediol  and  ethylene  diglycol. 

As  with  monohydric  alcohols,  the  glycols  did  not  react  with  the  trialkylsilanes  without  a  catalyst.  When 
heated  in  a  quartz  vessel  at  normal  pressure  for  100  hours,  a  mixture  of  triethylsilane  and  1,4-butanediol  did  not 
react.  In  the  presence  of  catalysts  (traces  of  alkali  metal  glycolates)  trialkylsilanes  reacted  with  glycols  by  the 
general  scheme 

2R3SiH4-C„H2»(OH)2  C„H2„(OSiR3)2 -f  2H2. 

where  M  =  Ll,  Na,  K. 

The  molar  ratio  of  trialkylsilane,  glycol  and  alkali  metal  was  kept  constant  in  all  the  experiments  (0.15: 

:  0.05  :  0.005).  The  criterion  for  completion  of  the  reaction  was  the  evolution  of  the  calculated  amount  of  hy¬ 
drogen. 

The  advantages  of  this  method  of  preparing  di(trialkylsiloxy)alkanes,  in  contrast  to  the  synthesis  through 
alkylchlorosilanes,  include  not  only  the  simplicity  of  the  procedure,  but  the  high  yields  and  the  purity  of  the 
products  formed. 

The  catalytic  dehydrocondensation  of  RjSiH  with  glycols  was  investigated  under  the  conditions  which  we 
normally  use  and  at  160  and  180*  in  a  thermostat.  It  was  established  that  the  reaction  proceeded  more  rapidly 
at  180*  than  at  160*.  The  reaction  rate  depended  on  the  stmcture  of  the  glycol  and  of  the  trialkylsilane.  When 
the  length  of  the  alkyl  radicals  in  R^SiH  was  increased,  the  reaction  rate  decreased  (Table  1). 

The  calculated  values  of  the  activation  energy  for  the  reaction  of  1,4-butanediol  with  various  trialkylsilanes 
also  confirmed  this  hypothesis.  For  example,  the  activation  energy  (in  kcal/mole)  for  the  formation  of  1,4-di- 
(triethylsiloxy)butane  equaled  32.46,  for  l,4-di(tripropylsiloxy)butane,  35.52,  for  l,4-di(tributylsiloxy)butane, 
36,94  and  for  l,4-di(ethyldibutylsiloxy)butane,  35.51. 
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TABLE  1 


Formula  of 
trialky  Isllane 

Reaction  time  (in  minutes) 

1  1.4 -butanediol  | 

1  1,3 -butanediol  | 

1  2,3 -butanediol 

160' 

180' 

160' 

180' 

160' 

180' 

(CjHsljSiH 

90 

1 

18 

15 

140 

1  20 

CjH5(C4H9)2SiH 

115 

110 

30 

25 

150 

55 

(C4H,),SiH 

320 

1  210 

60 

35 

170 

1  65 

The  structure  of  the  glycol  had  a  considerable  effect  on  the  reaction  rate.  Ethylene  glycol  reacted  con¬ 
siderably  more  slowly  than  1,4-butanediol  and  ethylene  diglycol.  Diprimary  butanediol  reacted  more  slowly 
than  disecondary  and  secondary -primary,  more  rapidly  than  the  other  isomeric  glycols  (Tables  1  and  2). 


TABLE  2 


Reaction  of  Trialkylsilanes  with  Glycols* 


Starting  reagents 

Reaction 
time  (in 
minutes) 

Reaction 
product 
yield  (in 

triallQrlsilane 

glycol 

(C2H5)3SiH 

H0(CH2)40H 

165 

74.5 

(CaHsteSiH 

H0(CH2)2CH0HCH3 

30 

73.1 

(CjHsfeSiH 

GHgiCHOHljCH, 

105 

74.3 

(C2H5)3SiH 

HOCH2CHOHCH3 

110 

81.6 

H0(CH2)40H 

148 

84.3 

(G3H7)3Siil 

H0(CH,)CH0HGH3 

14 

87.9 

(CaH^bSiH 

GH3(GH0H)2GH3 

26 

88.5 

H0(GH2)40H 

20 

85.4 

(QHflhSiH 

H0(GH2)2GH0HGH3 

17 

87.5 

(04119)3^1  H 

GH3(GH0H)2GH3 

20 

83.2 

C2H5(C4H9)2SiH 

HO(G  112)4011 

75 

97.6 

( Jj  fl  6iG4  H  9)2^  i  ri 

H0(GH2)2GH0HGH3 

5 

75.9 

^2^6(^4119)23111 

GH3(GH0H)2GH, 

15 

72.1 

G2  H  5(114  H  9)2^1  H 

HOGH9GHOHGH3 

60 

88.5 

C2 11  6(C4  H  9)281  H 

HOGH2GHOHG113** 

150 

82.1 

(-12  H  5(04  M  9)281  h 

HOGH2GHOHG1I3*** 

3780 

66.3 

^2 11 6(1^4 119)2^  111 

110(GH2)20H 

560 

89.3 

C2H5(C4H9)2SiH 

H0(GIl2)20(GH2)20H 

40 

88.7 

•The  experiments  were  performed  at  the  boiling  point  of  the  mixture.  The 
catalyst  was  potassium  glycolate. 

••Catalyst  —  sodium  glycolate. 

•••Catalyst  -  lithium  glycolate. 


As  in  the  case  of  monohydric  alcohols  [1],  the  reaction  of  RgSiH  with  glycols  was  affected  by  the  nature  of 
the  alkali  metal  used  in  the  catalyst.  With  an  increase  in  the  atomic  number  of  the  alkali  metal  (from  lithium 
to  potassium),  the  reaction  rate  increased  (Table  2).  The  alcoholates  or  glycolates,  formed  in  small  amounts, 
played  the  part  of  basic  catalysts. 

In  analogy  with  the  mechanism  of  the  reaction  of  RjSiH  with  monohydric  alcohols  [1],  one  can  assume 
that  the  reaction  of  RsSiH  with  glycols  probably  proceeds  by  an  ion -chain  mechanism  also. 

As  a  result  of  the  work, we  synthesized  16  di(trialkylsiloxy)alkanes,  which  are  not  described  in  the  litera¬ 
ture  (Table  3). 


EXPERIMENTAL 

Starting  reagents,  a)  The  triall^lsilanes  were  prepared  by  the  action  of  RMgX  on  HSiClj  (or  C2H5SiCl2H). 
The  constants  of  the  first  three  compounds  corresponded  with  data  which  we  presented  previously  [1].  Ethyldi- 
butylsilane  had  the  following  constants: 
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Properties  of  Di(trialI<ylsiloxy)alkanes 


3 

•d 


«) 

•>*  t 

S  ^ 

9  E 

a  I 

=^1 

3 

■g.  > 
o  9 
o  9 

S  § 


^  & 

•E  b 

.2?  I 
«  > 
>  0) 
«  s 

*3  CO 

3  M 

l| 

E 

“  0) 

I? 


2743 


B.p.  194.0-194.5’  (760.9  mm),  n*®D  1.4318,  0.7666,  MRp  58.30;  calc.  58.35. 

b)  The  glycols  were  frozen  at  a  temperature  of  minus  60-70*,  separated  from  the  water,  boiled  for  1-2 
hours  over  metallic  calcium  and  distilled  3-7  times  over  fresh  portions  of  metallic  calcium.  The  physical  con¬ 
stants  of  the  purified  glycols  corresponded  with  literature  data  [7,  8]. 

c)  Lithium,  sodium  and  potassium  were  chemically  pure  reagents. 

Procedure.  The  dehydrocondensation  of  trialky Isilanes  with  glycols  was  performed  in  two  ways. 

A.  At  the  boiling  pwint  of  the  mixture.  As  an  example  we  will  describe  the  synthesis  of  l,2-di(ethyldibutyl' 
siloxy)propane. 

0.03  g  of  lithium  was  dissolved  in  3.8  g  of  1,2-propanediol,  while  cooled  in  a  mixture  of  ice  and  salt.  The 
lithium  glycolate  obtained  was  added  to  25.8  g  of  ethyldibutylsilane.  The  mixture  was  boiled  for  63  hours.  The 
temperature  of  the  reaction  mixture  reached  188*  at  the  end  of  the  reaction.  2.5  liters  of  hydrogen  v;as  evolved. 
The  reaction  mixture  was  vacuum  distilled  to  give  unchanged  ethyldibutylsilane  and  13.8  g  (66.3‘55))  of  1,2-di- 
(ethyldibutylsiloxy)propane  witfi  b.p.  188.5-189*  (2.5-3  mm). 

In  all  cases  the  distillate  consisted  of  two  components  -  di(trialkylsiloxy)alkane  and  unchanged  trialkyl- 
silane.  The  difference  in  the  boiling  points  of  the  components  was  100-150*,  which  simplified  the  problem  of 
isolating  the  product  in  a  satisfactorily  pure  form. 


TABLE  4 


Vt 

Glycol 
reacted 
(mole  % 

Vo 

Time 

(min) 

Reaction 

rate 

14.8 

20.1 

13.5 

5 

2.71 

19.9 

27.2 

18.3 

10 

1.83 

28.3 

38.5 

25.9 

20 

1.29 

35.7 

48.6 

32.6 

30 

1.08 

56.2 

76.4 

51.3 

60 

0.86 

69.2 

94.0 

63.2 

90 

0.73 

72.2 

98.0 

66.0 

180 

0.36 

E  =  32.46  kcal/mole 


B.  In  thermostats  at  160  and  180*.  Flasks  with  two  arms  were  used  for  these  experiments.  In  one  arm  was 
placed  a  sample  of  the  glycol,  with  the  alkali  metal  dissolved  in  it,  and  in  the  other,  the  trialkylsilane.  The 
flask  was  connected  to  a  100-ml  gas  burette  through  a  reflux  condenser.  The  system  was  placed  in  a  Heppler 
ultrathermostat  filled  with  distilled  dibutyl  phthalate.  The  system  was  kept  at  the  given  temperature  for  ten 
minutes.  The  air  was  expelled  and  the  reagents  mixed.  The  hydrogen  evolved  was  read  off  every  5-10  minutes. 
From  these  data  grafts  were  plotted  of  reaction  rate  against  time  and  the  apparent  activation  energy  calculated 
by  die  formula 

2..1  ‘  R  ^  T )  •  T2 

p - ? - 

-  1\  -  T2 


where  k  is  replaced  by  the  amount  of  hydrogen  evolved  in  the  same  time  intervals  and  Tj  and  T2  are  the  abso¬ 
lute  temperatures. 

The  data  from  two  experiments  at  160  and  180*  are  given  below. 

Trietfiylsilane  and  1,4-butanediol  (Table  4).  We  used  0.1351  g  of  1,4-butanediol,  0.0079  g  of  potassium 
and  1.7918  g  of  (C2H5)3SiH.  The  temperature  in  the  thermostat  was  160*.  The  temperature  in  the  surrounding 
air  was  21.0*.  The  atmospheric  pressure  was  769.22  mm  and  Pq  750.52  mm.  The  correction  factor  F  =  0.9168. 
V(  was  the  volume  of  hydrogen  liberated.. 
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TABLE  5 


Vt 

Glycol 
reacted 
(mole  °Jo) 

Vo 

Time 

(min) 

Reaction 

rate 

23.0 

35.5 

20.7 

2 

26.0 

40.9 

23.4 

3 

7.8 

28.0 

43.2 

25.2 

4 

6.3 

29.5 

45.7 

26.6 

5 

5.3 

33.4 

51.7 

3.0 

38.0 

58.9 

34.3 

15 

2.3 

39.5 

61.2 

35.6 

1.7 

42.0 

65.2 

37.9 

BH 

1.2 

44.5 

69.0 

1.0 

51.0 

79.0 

0.76 

54.0 

83.8 

48.7 

75 

0.65 

69.0 

90.0 

62.4 

j  0.45 

E  =  32.46  kcal/mole 


Triediylsilane  and  1,4-butanediol  (Table  5).  We  used  0.1204  g  of  1,4-butanediol,  0.0076  g  of  potassium 
and  2.6497  g  of  triethylsilane.  The  temperature  in  die  thermostat  was  180“.  The  temperature  in  the  sunounding 
air  was  23.0*.  The  atmospheric  pressure  was  764.3  mm  and  Po  743.2  mm.  The  correction  factor  F  =  0.9017.  Vt 
was  the  volume  of  hydrogen  liberated. 


SUMMARY 

1.  A  study  was  made  of  the  catalytic  dehydrocondensation  of  trialkylsilanes  widi  glycols  in  the  presence 
of  lithium,  sodium  and  potassium  glycolates.  The  reaction  is  a  simple  and  convenient  method  of  synthesizing 
di(trialkylsiloxy)alkanes,  which  are  formed  in  80 -90‘5fc  yield. 

2.  We  synthesized  16  di(trialkylsiloxy)alkanes  which  are  not  described  in  the  literature. 
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THE  MECHANISM  OF  ACID  OXIDATION  BY  MOLECULAR  OXYGEN 


IN  AN  n-HEPTANE  MEDIUM 


I.V.  Verezin,  B,I.  Makalets  and  L.G.  Chuchukina 


There  are  several  papers  in  the  literature  on  the  oxidation  of  individual  acids  by  bound  oxygen  or  atmos¬ 
pheric  oxygen  in  the  presence  of  catalysts.  The  main  products  of  the  oxidation  of  propionic  acid  [1]  with  an 
alkaline  potassium  permanganate  solution  were  oxalic  acid  and  carbon  dioxide.  Oxidation  of  this  acid  with  po¬ 
tassium  bichromate  in  an  acid  medium  gave  mainly  acetic  acid  and  carbon  dioxide.  When  oxidized  with  hy¬ 
drogen  peroxide,  butyric  acid  [2]  gave  a  whole  series  of  products:  acetic  acid,  carbon  dioxide,  acetone,  ethyl 
alcohol  and  propionaldehyde.  Kern  [3]  and  Paquot  and  de  Goursac  [4]  found  methyl  ketones  in  acid  oxidation 
products.  It  is  interesting  to  note  that  on  oxidizing  higher  aliphatic  acids  with  an  even  number  of  carbon  atoms, 
witfi  atmospheric  oxygen  in  the  presence  of  catalysts,  the  latter  authors  detected  lower  monocarboxylic  acids 
with  an  even  number  of  carbon  atoms,  as  well  as  oxalic  acid,  in  the  reaction  products. 

It  can  he  seen  from  this  brief  summary  that  the  mechanism  of  acid  oxidation  depends  on  the  conditions  un¬ 
der  which  the  experiments  are  carried  out.  Consequently,  the  mles  governing  the  oxidation  of  individual  acids 
in  the  presence  of  catalysts  with  different  oxidizing  agents  cannot  be  generalized  to  cover  the  case  of  acid  oxi¬ 
dation  in  a  medium  of  an  oxidizable  hydrocarbon. 

Therefore,  it  is  interesting  to  study  the  oxidation  of  acids  in  a  medium  of  an  oxidizable  hydrpcarbon  and 
by  comparing  the  results  with  literature  data,  to  try  to  find  the  basic  characteristics  of  the  oxidation  mechanism 
in  relation  to  the  reactions*  character  and  the  molecular  structure  of  the  acids.  Since  acids  are  not  only  con¬ 
sumed  but  also  formed  during  the  reaction  as  a  result  of  hydrocarbon  oxidation,  the  most  convenient  method  for 
solving  this  problem  was  to  use  labeled  atoms. 

In  this  investigation  on  acid  oxidation  we  selected  a  simple  system,  which  facilitated  the  analytical  part 
of  the  work:  we  studied  the  oxidation  of  n-butyric  and  n-valeric  acids  in  an  n-heptane  medium.  In  order  to 
follow  the  behavior  of  both  the  functional  group  and  the  carbon  chain  of  the  acids,  we  synthesized  n-butyric  acid, 
labeled  with  radiocarbon  in  the  carboxyl  group  and  n-valeric  acid,  labeled  in  the  a -position.  In  addition,  we 
synthesized  acetic  acid,  labeled  in  the  carboxyl  group  so  as  to  check  its  oxidizability  under  the  given  conditions. 

To  follow  the  behavior  of  the  carboxyl  group  in  the  oxidized  acid,  the  oxidation  of  n-heptane,  with  car¬ 
boxyl-labeled- n-butyric  acid  added,  was  carried  out.  We  set  up  an  activity  balance  for  a  two-hour  experiment 
at  160'  and  6  atm  pressure  and  for  a  three-hour  experiment  at  180'  and  8  atm  pressure.  The  experimental  results 
are  given  in  the  Table.  The  balance  was  set  up  with  an  accuracy  of  2-3*7*  As  the  data  in  the  Table  show,  of  the 
oxidation  products  only  die  acid  and  the  carbon  dioxide  were  found  to  be  active.  The  ketones  were  inactive. 

The  balance  indicated  that  within  the  Umits  of  accuracy  of  the  analysis,  no  other  active  reaction  products  were 
formed  or  tiiey  were  unstable  under  the  experimental  conditions  and  were  oxidized  to  carbon  dioxide.  It  should 
be  noted  that  the  only  gaseous  labeled  product  was  carbon  dioxide. 

The  problem  of  the  oxidizability  of  acetic  acid  under  the  given  conditions  was  solved  in  the  same  way. 
n -Heptane  with  the  addition  of  0.02  mmole/ml  of  acetic  acid,  labeled  in  the  carboxyl  group,  was  oxidized  for 
four  hours.  In  this  case  as  well,  the  only  active  reaction  products  were  acid  and  carbon  dioxide.  About  O.l'Jfc  of 
the  activity  was  found  in  the  carbon  dioxide.  Consequently,  one  may  consider  that  under  the  experimental  con¬ 
ditions  the  acetic  acid  was  not  appreciably  decarboxylated. 

An  investigation  of  the  oxidation  of  an  acid  labeled  with  radiocarbon  in  the  carboxyl  group  does  not  make 
it  fxissible  to  establish  the  reactions  of  the  rest  of  the  molecule  after  decarboxylation.  In  order  to  solve  this 


2746 


- 1 

Activity  (counts/min)  in  experiments  with  acid  added 

1  n-butyric  | 

acetic 

160“,  6  atm,  2  hr 

180",  8  atm,  3  hr 

160“,  6  atm,  4  hr 

Activity  of  acids  from 

the  experiment 

23100 

18200 

Not  determined 

Activity  of  CO2 

quantitatively 

evolved 

724 

6760 

1.48*  10^ 

Ketone  activity 

— 

- 

- 

Total 

23824 

24960 

Activity  introduced 

24400 

24400 

1.32-10^ 

problem  we  set  up  experiments  with  n-heptane  to  which  n-valeric  acid,  labeled  with  radiocarbon  in  the  a- 
methyl  group,  was  added.  The  oxidation  was  carried  out  at  160“  and  6  atm  pressure.  Of  the  reaction  products, 
the  acids,  ketones  and  carbon  dioxide  were  found  to  be  active.  The  iodoform  and  acids  formed  in  an  iodoform 
reaction  with  the  ketones  were  analyzed  for  activity  content  The  iodoform  was  found  to  be  active  and  the 
acids  inactive.  Therefore,  the  a -methyl  group  was  active  in  the  ketones. 

Due  to  the  small  amount  of  activity,  introduced  in  the  form  of  n-valeric  acid  and  the  small  absolute 
amounts  of  acids  which  may  be  separated  with  paper  chromatography,  we  have  not  yet  been  able  to  establish 
which  of  the  individual  acids,  besides  valeric  acid,  were  active. 

A  series  of  conclusions  may  be  drawn  on  the  mechanism  of  acid  oxidation  from  the  experimental  data 
obtained. 

As  has  already  been  noted,  on  oxidizing  butyric  acid  labeled  with  radiocarbon  in  the  carboxyl  group,  all 
the  activity  was  found  to  be  in  the  acids  and  carbon  dioxide.  The  activity  balance  set  up  indicated  that  quan¬ 
titative  oxidative  decarboxylation  occurred.  The  only  gaseous  reaction  product  was  carbon  dioxide.  This  ex¬ 
perimental  fact  made  it  possible  to  follow  the  behavior  of  the  acid’s  carboxyl  group  in  any  complex  system  of 
hydrocarbon  oxidation  products. 

The  reactions  of  the  acid  residue  after  decarboxylation  may  be  established  from  the  experimental  data  on 
the  oxidation  of  n-valetic  acid  labeled  in  the  a -position.  The  methyl  ketone  (labeled  in  the  a -methyl  group) 
found  in  the  reaction  products  made  it  possible  to  determine  unequivocally  the  position  where  the  oxidizing 
agent  attacked  the  acid  molecule.  The  methyl  ketone  with  a  labeled  a -methyl  group  may  be  formed  from 
valeric  acid,  labeled  in  the  a-position,  only  by  the  oxidizing  agent  attacking  the  acid’s  6 -methylene  group. 
Consequently,  the  following  reaction  took  place:  CHjCH2CH2C^C)OH  -♦  CH3CH2COC^H5  +  HgO  +  CC^.  Methyl 
ethyl  ketone,  carbon  dioxide  and  water  were  formed. 

The  most  reactive  position  in  an  acid  molecule  in  the  case  of  its  oxidation  is  the  fl-CH2  group,  although 
the  weakest  C-H  bond  is  at  the  a-CH2  group  (due  to  the  effect  of  the  adjacent  carboxyl  group). 

Oxidation  of  hydrocarbons  with  atmospheric  oxygen  is  a  radical-chain  type  of  reaction  with  degenerate 
branching.  Apparently,  in  such  reactions  the  direction  of  attack  of  the  oxidizing  agent  is  different  from  the  case 
of  an  ionic  or  molecular  type  of  reaction.  In  fact,  as  Kharasch  [9]  showed,  in  chlorinating  acids  the  main  direc¬ 
tion  of  attack  by  the  chlorination  agent  changes,  depending  on  the  type  of  reaction.  In  the  case  of  an  ionic 
mechanism,  hydrogen  substitution  occurs  mainly  at  the  a-carbon  atom  while  in  the  case  of  a  radical  one  —  at 
the  fl -carbon  atom. 

Thus,  an  important  factor  affecting  the  direction  of  the  reaction  is  the  type  of  mechanism  by  which  it  pro¬ 
ceeds,  together  with  the  nature  and  structure  of  the  oxidizing  agent.  This  hypothesis  is  confirmed  by  a  series  of 
other  literature  data.  Certain  characteristics  of  the  oxidation  of  acids  by  hydrogen  peroxide  are  such  that  the 
reaction  may  be  considered  a  radical-chain  type  of  reaction.  There  is,  therefore,  reason  to  consider  that  the 
general  picture  of  oxidation  would  be  similar  to  ours.  In  fact,  by  oxidizing  n-butyric  acid,  labeled  with  radio¬ 
carbon  in  the  carboxyl  and  the  fl-CHj  group  simultaneously  [2],  it  was  shown  that  the  direction  of  attack  of  the 
oxidizing  agent  was  mainly  at  the  fl-CH2  group. 
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Of  course,  one  cannot  exclude  an  attack  by  the  radical  particle  on  other  carbon  atoms,  although  this  is 
less  probable.  Regrettably,  the  experimental  data  available  do  not  permit  a  determination  of  the  ratios  of  these 
directions  in  oxidation  reactions  in  the  total  balance  of  acid  conversions  in  the  oxidizable  hydrocarbon  medium. 

These  peculiarities  of  acid  oxidation  may  be  explained  from  the  point  of  view  of  electronic  concepts.  As 
a  carboxyl  is  an  electron -acceptor  group  and  the  oxidizing  agent  is  electrophilic,  the  most  convenient  position 
for  attack  in  the  acid  molecule  is  the  0 -methylene  group,  where  the  electron  density  is  higher  than  in  the  a- 
position.  This  explains  the  difficulty  of  oxidizing  acetic  acid  in  an  n-heptane  medium  with  atmospheric  oxygen. 
As  this  reaction  is  of  a  radical  type  and  the  acetic  acid  does  not  have  a  0 -methylene  group,  it  must  be  inert  to 
the  oxidizing  agent  —  the  radical. 

Bearing  all  these  considerations  in  mind,  we  may  give  the  mechanism  developed  for  the  first  stage  of  acid 
oxidation  in  the  medium  of  an  oxidizable  hydrocarbon  (R’  is  any  radical  system). 

RGII2GH2COOH  4-  R'  .  ->RGriGIl2GOOH  +  R'll 

RgilGHaGOOH  +  O2  RGIIGH2GOOII 

I 

0—0  • 

RGHGH2GOOII  +  R'K-^RGlIGIIaGOOII  4-  R'- 

I  I 

0-0-  0011 

As  yet  we  can  say  nothing  on  the  mechanism  of  the  decomposition  of  hydroperoxides  of  this  type.  Only 
the  final  reaction  products  are  known  and  the  formation  of  these  may  be  explained  by  the  following  reactions: 


—11,0 

RGIIGIIoGOOII  — »  RGGIIoGOOIIRGGHa  1  GO,. 

I  '  II  “  II 

0011  0  o 

EX  PERIMENT  AL 

We  carboxylated  the  Grignard  reagents  in  an  apparatus  described  previously  [5].  The  acids  formed  were 
isolated  and  stored  as  the  sodium  salts  and  the  free  acids  were  prepared  from  these  as  required. 

Two  methods  of  synthesizing  acids  labeled  in  the  a -CH2  group  are  described  in  the  literature  [6].  We 
chose  a  slightly  different  method  for  the  synthesis  of  n -valeric  acid: 

GH3Gir,Gn2Gi<OOH  GIIgGHaGHaGi-'IIoOIi  GHaGIloGiloGi'llaRr 

GHoGHzGilaGJRIaGOOil 


Butyric  acid,  labeled  in  the  carboxyl  group,  was  reduced  with  excess  lithium  aluminum  hydride  in  ether 
solution  to  give  n-butyl  alcohol  in  60*70 yield  [7].  The  unreacted,  excess  lithium  aluminum  hydride  was  decom¬ 
posed  with  water  since  decomposition  with  dilute  acid  involved  considerable  unavoidable  losses  during  subse¬ 
quent  washing  of  the  ether  solution  with  water  and  soda.  The  ether  layer  was  dried  witli  sodium  sulfate  and,  af¬ 
ter  evaporation,  the  n-butyl  alcohol  was  distilled.  The  radioactive  alcohol  was  converted  into  the  bromide  in 
70% yield.  The  bromide  gave  an  80% yield  of  labeled  n-valeric  acid  by  the  procedure  described  above.  The 
molecular  weight  of  the  valeric  acid  synthesized  was  104  (calculated  102).  Chromatography  of  the  labeled  acid 
on  paper  showed  that  no  other  acids  were  present.  The ovei^all yield  on  CO2,  including  the  preparation  of  car¬ 
boxyl-labeled  butyric  acid,  was  23%. 

The  oxidation  of  n-heptane  with  labeled  acids  added  was  performed  in  the  apparatus  described  previously 
[8].  For  the  oxidation  we  used  standard  n-heptane,  distilled  on  a  column  with  an  efficiency  of  20  theoretical 
plates  (b.p.  97.7-97.8®,  n^^®  1.3882).  0.02-0.197  mmoles  of  the  appropriate  acid  was  added  per  ml  of  n-heptane. 
The  experiments  were  performed  at  160®  and  a  pressure  of  6  atm,  with  oxygen-enriched  air  (60%  O2)  passed 
through  at  2  ml/min.ml.  Under  these  conditions,  a  second  (aqueous  acid)  layer  appeared  after  two  hours  oxida¬ 
tion. 

The  carbon  dioxide  evolved  was  absorbed  in  barium  hydroxide  solution  of  known  concentration.  The  barium 
carbonate  precipitate  was  analyzed  for  activity.  At  the  end  of  the  experiment,  the  oxidation  mixture  was  sapon¬ 
ified  with  1  N  alkali  in  alcohol,  then  all  the  neutral  reaction  products  were  steam  distilled  from  the  alkaline 
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medium,  the  mixture  acidified  with  sulfuric  acid  (25%)  to  congo  red  and  the  volatile  fatty  acids  steam  distilled 
off.  The  total  amount  of  acid  was  determined  by  titration  with  limewater.  The  aqueous  solution  of  calcium 
, salts  was  evaporated  to  dryness  in  an  atmosphere  free  from  carbon  dioxide.  The  amount  of  acid,  determined 
in  this  way  agreed,  within  the  limits  of  error,  with  the  total  free  and  bound  acid  determined  by  direct  titration 
of  an  oxidized  sample  and  saponification  of  the  esters  in  it.  This  indicated  the  absence  of  appreciable  amounts 
of  keto-  and  hydroxyacids  and  dibasic  acids,  which  did  not  steam  distil.  The  ketones  were  precipitated  from  the 
neutral  fraction  as  the  2,4-dinlttophenylhydrazones.  The  activity  of  the  ketones  and  acids  was  determined  by 
the  procedure  published  previously  [8].  The  neutral  fraction  of  the  oxidation  products  was  also  analyzed  for 
methyl  ketones  by  the  iodoform  reaction.  The  iodoform  and  acids  formed  were  analyzed  for  activity  content. 
After  the  iodoform  reaction,  the  acids  were  isolated  in  the  following  way:  the  alkaline  solution  was  filtered  free 
from  iodoform  and  acidified  with  sulfuric  acid.  The  iodine  liberated  was  bound  with  silver  sulfate.  The  solution 
was  made  alkaline,  the  neutral  products  steam  distilled  off,  the  residue  made  acid  to  Congo  with  sulfuric  acid 
and  the  acids  steam  distilled  off. 


SUMMARY 

1.  When  oxidized  in  the  medium  of  an  oxidizable  hydrocarbon,  acids  undergo  quantitative  decarboxyla¬ 
tion.  If  the  carboxyl  group  is  labeled  with  radiocarbon,  the  only  active  gaseous  reaction  product  is  carbon  diox¬ 
ide.  From  the  activity  of  the  carbon  dioxide  gas,  one  may  determine  the  behavior  of  the  carboxyl  group  of  the 
acid  in  any  complex  system  of  hydrocarbon  oxidation  products. 

2.  The  oxidizing  agent  attacks  the  acid  molecule  at  the  6 -carbon  atom.  As  a  result  of  decarboxylation 
of  the  acid,  a  methyl  ketone  is  formed  with  one  less  carbon  atom  than  the  acid. 

3.  The  oxidizability  of  an  acid  under  the  given  conditions  depends  on  its  molecular  structure.  An  acid  of 
normal  structure,  without  a  0 -methylene  group,  is  oxidized  with  considerably  more  difficulty.  Acetic  acid  is 
practically  inert. 

4.  n-Valeric  acid,  labeled  in  the  a-position  with  radiocarbon,  was  prepared  in  23*11) yield. 
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THERMOCATALYTIC  CONVERSIONS  OF  a-METHYLNA  PHTHALEN  E 


B.G.  Gavrilov  and  M.I.  Buzanov 


The  high -temperature  decomposition  of  alkylnaphthalenes  is  of  interest  in  connection  with  the  study  of 
the  chemism  of  hydrocarbon  cracking  [1]. 

Low -temperature  conversions  of  alkylnaphthalenes  in  the  presence  of  activated  clays  demonstrated  a  series 
of  extremely  interesting  reactions  of  this  class  of  hydrocarbon,  which  are  directly  related  to  the  conversions  of 
petroleum  in  nature  [2, 3].  These  reactions  were  also  studied  using  a-methylnaphthalene. 


Fraction 

Temperature  | 

Weight 

(in  g) 

20 

"D 

Mole¬ 

cular 

weight 

Melting 
point  of 
pi crate 

boiling 

point 

melting 

point 

Naphthalene 

217—220° 

80° 

86.3 

fl-Methylnaphthalene 

240—242 

— 

58.0 

0.890 

1.6049 

140.5 

113-114°’ 

a-Methylnaphthalene 

243—245 

— 

105.3 

1.0112 

1.6148 

139.5 

140.5 

Dimethylnaphthalene 

262-265 

— 

29.3 

1.0064 

1.6069 

155.7 

113 

Dinaphthyl 

190—220 

185.5 

34.2 

— 

— 

257 

— 

(3  mm) 

Residue 

— 

— 

31.7 

— 

— 

— 

— 

Coke  on  catalyst 

— 

— 

37.2 

— 

— 

— 

— 

Losses 

— 

— 

18.0 

— 

— 

400  g  of  the  starting  hydrocarbon  (b,p.  244.7",  d/®  1.0112,  np*®  1.6150)  and  an  equal  amount  of  activated 
clay  (gumbrine)  were  heated  in  an  autoclave  at  350"  for  eight  hours.  The  pressure  reached  31  atm.  At  the  end 
of  the  experiment, 8  m*  of  gas  was  collected  and  this  had  a  specific  gravity  of  0.000723  g/cc  (composition  in 
CO2  0.49,  CnHm  0.20,  Oj  1.24,  CO  0.44,  17.09,  CH4  76,  Nj  4.54). 

The  liquid  catalyzate, together  with  the  catalyst, was  extracted  with  benzene.  When  the  solvent  had  been 
removed,  the  fractions  shown  in  the  Table  were  separated  by  distillation. 

The  percent  conversion  of  the  starting  a-methylnaphthalene  during  the  experiment  was  69.2. 

The  6-methylnaphthalene  fraction  was  oxidized  with  5*70  nitric  acid.  The  fi -naphthoic  acid  formed  was 
filtered  off  and  had  m.p.  180.5"  after  recrystallization  from  ether. 

Thus,  methane,  naj^ithalene,  fl-methylnaphthalene,  dimethylnaphthalene  and  dinaphthyl  were  formed 
during  the  experiment. 

The  formation  of  najiithalene  and  dimetfiylnaphthalene  must  be  normal  for  these  reaction  conditions; 


2CioH^H,  CioH,  +  CioH6(CH5)2. 


The  formation  of  the  fl -isomer  may  be  explained  by  its  greater  stability  under  the  experimental  conditions. 

'  The  result  which  is  specific  for  this  class  of  hydrocarbon  is  the  internal  hydrogenation  to  form  methane 
and  dinaf^thyl. 
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H, 


TYfYi 


+  2CH4 


The  smaller  amount  of  methane  In  tfie  products  of  the  experiment  in  comparison  with  the  dlnaphthyl  may 
be  explained  by  the  reaction: 

nrvm . 


The  source  of  hydrogen  for  the  latter  reactions  may  be  both  the  heavy  residues,  which  are  impoverished 
in  hydrogen  and  consist  of  hi^ly  condensed  aromatic  hydrocarbons,  and  hydrogen  of  the  catalyst,  introduced 
during  its  activation. 

SUMMARY 

1.  During  the  conversion  of  a-methylnaphthalene  on  a  natural  aluminosilicate,  an  Internal  hydrogenation 
reaction,  leading  to  the  formation  of  methane  and  dinaphthyl  was  observed  in  addition  to  the  simple  transposition 
of  unchanged  aliphatic  radicals,  which  is  characteristic  of  alkylaromatic  hydrocarbons. 

2.  The  results  of  the  experiments  confirmed  the  mechanism  of  the  processes  of  petroleum  conversion  in 
the  bowels  of  the  earth,  which  include,  on  the  one  hand,  simplification  of  the  composition  of  the  petroleum  ma¬ 
terial  to  methane  and,  on  the  other,  its  elaboration  to  form  highly  condensed  hydrocarbons. 
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SOME  CONSIDERATIONS  ON  THE  MECHANISM 


OF  THE  FORMATION  OF  MERCURY  A  RO  M  A  TI C  COMPOUNDS 
BY  THE  OXIDATION  OF  A  RYLH  Y  DR  A  Z I N  ES  WITH  MERCURIC  SALTS 

A.B.  Bruker  and  B.B.  Levin 


A.N.  Nesmeianov  prepared  arylmercuric  chlorides  by  decomposing  the  binary  compounds  of  aryldiazonium 
chloride  and  mercuric  chloride  with  copper  powder  in  organic,  solvents  [1]. 

ArNjCl-  HgCl*  +  2Cu  ArHgCl  +  Nj  +  CUzClj 

Later  it  was  found  [2]  that  when  the  binary  salts  of  aryldiazonium  chloride  and  mercuric  chloride  were  de¬ 
composed  with  excess  copper  in  the  presence  of  ammonia,  fully  substituted  mercuryaromatic  compounds  were 
formed. 

2C6H5NiC1-  HgClj  +  6Cu  +  6NH3  ->  (C6H5)2Hg  +  2N2  +  Hg  +  6CuCl-  NH, 

This  method  was  extended  to  the  synthesis  of  aromatic  compounds  of  other  metah  by  Nesmeianov  and  his 
co-workers. 

By  reacting  phenyldiazonium  chloride  with  metallic  mercury,  Meclure  [3]  and  Waters  [4]  prepared  phenyl 
mercuric  chloride 


C6H5N2CI  +  Hg  -  CgHsHgCl  +  N2 

Fischer  and  Sirhard  [5]  isolated  diphenylmercury  by  oxidizing  phenylhydrazine  with  mercuric  oxide  in 
ether  solution. 

Seide.  Scherlin  and  Bras  [6]  obtained  a  good  yield  of  phenylmercuric  acetate  by  oxidizing  phenylhydrazine 
with  mercuric  acetate  in  an  acetic  acid  medium  in  the  presence  of  copper  and  its  salt. 

In  {wevious  papers  we  described  a  method  of  preparing  aromatic  compounds  of  antimony  and  arsenic,  which 
consists  of  reacting  an  arylhydrazine  with  antimony  trichloride  [7],  antimony  pentachloride  [8]  and  arsenic  tri¬ 
chloride  [9]  in  a  hydrochloric  acid  medium  in  the  presence  of  cupric  chloride  and  atmospheric  oxygen,  and  pro¬ 
posed  a  mechanism  for  this  reaction  [10]. 

In  the  present  work,  our  aim  was  to  define  the  mechanism  of  phenylmercuric  acetate  formation  in  the  re¬ 
action  proposed  in  the  paper  [6]. 

It  was  found  that  when  phenylhydrazine  hydrochloride  was  reacted  with  mercuric  chloride  in  hydrochloric 
acid  in  the  presence  of  cupric  chloride,  phenylmercuric  chloride  was  formed  in  43%  yield  (on  mercuric  chloride). 
The  process  of  phenylmercuric  chloride  formation,  starting  from  phenylhydrazine  and  mercuric  chloride, may  be 
represented  in  the  following  way;  the  mercuric  chloride  oxidizes  the  phenylhydrazine  hydrochloride  to  phenyl¬ 
diazonium  chloride,  which  reacts  with  another  part  of  the  mercuric  chloride  to  give  the  binary  compound  CgH5N2Cl’ 
HgClj.  The  latter  reacts  with  phenylhydrazine  hydrochloride  to  give  phenylmercuric  chloride  by  the  scheme: 
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CoHbNIINIIs  •  HCI  -\-  4HgCl2  ->  CellBNaCl  +  2IIg2Cl2  +  41101 
CeIl5N2Cl  +  HgCl2  -►  C0II5N2CI  .  HgCl2 

PiiCl 

2C0II6N2GI  .  HgCl2  +  C0II5NHNII2  •  1101  — y  208H5llg01  +  O8H5N2OI  +  2N2  +  4HOI 

In  confirmation  of  this  scheme  it  was  shown  that  when  phenylhydrazine  hydrodiloride  was  reacted  with  the 
binary  compound  C6H5N2CI •  HgCl2  under  the  conditions  given  above,  phenylmercuric  chloride  was  formed.  Evi¬ 
dently  an  analogous  scheme  occurs  in  the  formation  of  phenylmercuric  acetate.  Since  phenylmercuric  chloride 
is  almost  insoluble  in  hydrochloric  acid,  then  it  does  not  form  a  complex  with  phenyldiazonium  chloride  and, 
due  to  this  .the  reaction  stops  at  the  formation  of  phenylmercuric  chloride. 

EXPERIMENTAL 

Reaction  of  phenylhydrazine  hydrochloride  and  mercuric  chloride  in  hydrochloric  acid  in  the  presence  of 
cupric  chloride.  Phenylhydrazine  hydrochloride  (14.5  g)  and  cupric  chloride  (1  g)  were  added  with  stirring  to  a 
hydrochloric  acid  solution  of  mercuric  chloride  (27.3  g)  in  a  jar  fitted  with  a  stirrer.  At  the  beginning  of  the 
reaction,  the  color  of  the  solution  was  green.  After  six  hours  stirring,  the  color  disappeared  and  the  suspended 
precipitate  settled  out.  After  14-hours  stirring,  the  solution  again  acquired  a  green  color.  The  precipitate  was 
sucked  off,  washed  with  water,  alcohol  and  ether  and  dried  in  air.  When  the  precipitate  was  recrystallized  from 
boiling  acetone  with  slow  cooling,  the  acetone  solution  deposited  lustrous  scales.  When  the  crystalline  product 
had  been  washed  with  alcohol  and  ether,  its  weight  was  13.5  g  (43.1*70).  The  product  melted  at  248-252*;  after 
a  second  recrystallization  from  acetone,  the  product  had  m.p.  251-253".  A  mixed  melting  point  with  phenylmer¬ 
curic  chloride,  prepared  by  another  method,  was  not  depressed. 

Reaction  of  phenylhydrazine  hydrochloride  with  the  binary  compound  C6H5N2C1'  HgCl2  in  hydrochloric  acid 
in  the  presence  of  cupric  chloride.  A  mixture  of  the  binary  compound  C6H5N2C1-  HgCl2  (30  g),  phenylhydrazine 
hydrochloride  (10  g),  cupric  chloride  (0.5  g)  and  dilute  hydrochloric  acid  (1 ;  2)  was  stined  for  1.5-2  hours  in  a 
jar  and  the  precipitate  formed  was  separated.  Tne  reaction  was  accompanied  by  vigorous  frothing  (evolution  of 
nitrogen).  Two  recrystallizations  of  the  precipitate  from  ethyl  acetate  yielded  5.5  g  of  material  (28*7®  on  the 
binary  compound).  A  mixed  melting  point  with  phenylmercuric  chloride  was  not  depressed. 

SUMMARY 

It  was  shown  that  the  reaction  of  phenylhydrazine  hydrochloride  and  mercuric  chloride  in  hydrochloric 
acid  in  the  presence  of  cupric  chloride  gave  phenylmercuric  chloride.  A  reaction  scheme  is  proposed. 
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HALOGENATION  OF  AROMATIC  SILANES 

VI.  PREPARATION  AND  PROPERTIES  OF  CHLORO  DERIVATIVES 
OF  p  -( TRICHLOROMETHYL)PHENYLTRICHLOROSIL ANE 

G.V.  Motsarev  and  A. la.  lakubovich 


We  showed  previously  [1]  that  the  introduction  of  an  orientant  of  the  first  order  (a  methyl  group)  into  the 
phenyltrichlorosilane  molecule  leads  to  activation  of  the  aromatic  nucleus  and,  for  example,  p-tolyltrichloro- 
silane  is  halogenated  considerably  more  readily  than  phenyltrichlorosilane.  It  seemed  interesting  to  determine 
tlie  effect  of  introducing  orientants  of  the  second  order,  such  as  CCl8  and  CF8  groups,  into  the  phenyltrichloro¬ 
silane  molecule  on  its  chlorination.  With  this  aim,  we  studied  the  chlorination  of  p-(trichloromethyl)phenyl- 
trichlorosilane  and  p-(trifluoromethyl)phenyltrifluorosilane.  The  halogenation  of  these  silanes  is  not  described 
in  the  literature. 

It  is  known  that  the  CClj  group  is  a  m eta -orienting  substituent.  When  CsHsCClj  is  chlorinated  in  the  pres¬ 
ence  of  SbCls  and  iodine,  the  meta-chloro  derivative  is  formed  predominantly  [2];  nitration  of  CgHsCCls  to  the 
niononitro  derivative  gives  mainly  the  meta-nitro  isomer  [3].  In  catalytic  chlorination,  in  contrast  to  bromination, 
the  SiCls  gi^oup  in  CeHsSiCls  also  acts  as  a  m eta -orientant  [4]. 

Considering  that  m eta -orientants  passivate  the  benzene  nucleus  in  substitution  reactions,  one  would  expect 
that  the  presence  of  two  meta -orienting  substituents  in  the  para  position  of  p-(trichlotomethyl)phenyltrichloro- 
silane  would  lead  to  strong  deactivation  of  the  benzene  nucleus. 

Actually,  p-(trichloromethyl)phenyltrichlorosilane  could  not  be  chlorinated  in  the  absence  of  catalyst 
when  treated  with  a  large  excess  of  chlorine  (molar  ratio  1: 22)  at  190-220*. 

When  p-CCl8C5H4SiCl8  was  treated  with  chlorine  in  the  presence  of  FeCls,  the  reaction  proceeded  with  dif¬ 
ficulty  at  100-110*.  Depending  on  the  molar  ratio  of  the  reagents,  mono-  and  dichloro -substituted  p-(trichloro- 
methyl)phenyltrichlorosilanes  were  obtained  under  these  conditions  in  yields  of  68.3  and  It  was  not  pos¬ 

sible  to  isolate  a  trichloro  derivative  from  the  reaction  products  even  after  treating  p-CCl3CeH4SiCl3  with  excess 
chlorine  for  a  long  time.  In  this  case  the  main  reaction  product  was  p-(ttichloromethyl)dichlotophenyltrichloro- 
silane.  It  was- thus  established  that  together  with  substitution,  destructive  chlorination  occurs  with  the  formation 
of  SiCl4  corresponding  chloro -substituted  benzotrichlorides. 

The  chlorination  of  p-(trichloromethyl)phenyltrichlorosilane  may  be  represented  by  the  following  scheme: 

CCIsG„H<SiCl3  CClgColIaClSiCla  CClgCoIIjCljSiCls  CCI3C0H2CI3  +  SiCl* 

Cleavage  of  the  Si— C  bond  by  chlorine  in  p-CCl^CsH^SiCl^  proceeds  more  readily  than  in  CgHsSiClg,  but 
with  more  difficulty  than  in  p-CHjCjH^SiClj.  Thus,  while  cleavage  occurs  to  a  very  small  degree  in  the  chlori¬ 
nation  of  CfNsSiClg  in  the  presence  of  FeClg  only  at  140-150*  [5],  in  the  case  of  p-CCl8C6H4SiCl3,  this  reaction 
occurs  at  115-130*  and  at  the  same  time,  destructive  chlorination  of  p-CHgCgH^SiClg  is  observed,  even  at  90  to 
100*  [1]. 

The  effect  of  reagent  ratio  and  temperature  on  the  results  of  chlorinating  p-CClgC4H4SiClj  are  illustrated 
by  die  data  presented  in  the  Table. 
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Effect  of  Conditions  on  Product  Composition  in  the  Chlorination  of  p-CCl3C6H4SiCl3 


Chlorination  conditions 

Composition  of  reaction  products  | 

Silane 

cleaved 
(in  I0) 

amount  of 
FeCl3  (in  %) 
of  weight  of 
silane  taken) 

temperature 

molar  ratio 

of  silane  to 

chlorine 

unchanged 
silane  (%) 

chlorination  products  | 

total  yield 
(in  °lo) 

main  reaction  I 
product 

1.4 

100-110* 

1:4.3 

12.5 

68.3 

Monosubstituted 

- 

1.7 

100-110 

1:8.7 

- 

84.4 

Disubstituted 

- 

1.4 

115-130 

1:22.2 

- 

70.2 

Disubstituted 

9.2 

The  mono-  and  dichloro  derivatives  of  p-(trichlotomethyl)phenyltrichlorosilane  were  separated  and  the 
physicochemical  data  for  them  are  given  (see  experimental). 

To  determine  the  structure  of  the  monochloro  derivative  of  p-(trichloromethyl)phenyltrichlorosilane  syn¬ 
thesized,  we  planned  to  use  cleavage  of  it  with  bromine  (after  preliminary  exhaustive  methylation  [6])  and  oxi¬ 
dation  of  the  cleavage  products  with  chromic  acid,  leading  to  the  formation  of  the  corresponding  chlorobromo 
derivatives  of  benzoic  acid. 

Before  using  these  reactions  for  this  purpose,  they  were  first  tested  by  applying  them  to  unsubstituted  p- 
(trichloromethyl)phenyltrichlorosilane,  for  which  the  latter  was  first  methylated  using  CH3MgI. 

It  is  known  that  the  reaction  of  polyhalo  derivatives  of  hydrocarbons  with  organomagnesium  compounds  is 
complicated;  parallel  with  the  exchange  reaction,  a  side  reaction  often  occurs  in  which  the  radicals  formed 
combine  with  each  other.  For  example,  when  C6H5CHCI2  is  treated  with  CH3Mgl,  the  reaction  gives.exclusively, 
dichlorostilbene;  under  these  conditions,  C6H5CCI3  forms  tolan  tetrachloride  [7]. 

2C6H5CHCI2  +  2CH3MgI  ->  CeHgCHClCHClCeHs  +  +  2MgICl 

2CeH5CCl3  +  2CH3Mgl  ->  C6H5CCI2CCI2C6H5  +  CjHe  +  2MgICl 

Considering  this,  one  would  expect  that  the  treatment  of  p-CCl3C6H4SiCl3  with  CH5Mgl  to  prepare  the  cor¬ 
responding  aryltrimethylsilane  could  give  as  the  main  reaction  product,  4,4*-di(trimethylsilyl)tolan  tetrachloride. 

2p-(Cl3Si)C6H4CCl3  +  8CH3MgI  (CH3)3SiC6H4CCl2CCl2C6H4Si(CH3)3  +  SMgICl  +  CzHg 

However,  experiment  showed  that  when  p-CCl3C6H4SiCl3  was  treated  with  excess  CH3MgI,  4,4’-di(tri- 
methylsilyl)tolan  dichloride  was  formed  and  this  was  isolated  in  a  pure  state  and  characterized. 

2p-(Cl3Si)C6H4CCl3  +  10CH3MgI  (CH3)3SiC6H4CCl  =  CClC6H4Si(CH3)3  +  lOMgICl  +  2C2H6 

Similarly  to  other  aryltrimethylsilanes,  4,4*-di(trimethylsilyl)tolan  dichloride  was  readily  cleaved  with 
bromine  at  the  CajQnj— Si  bond  to  form  (CH3)3SiBr  and  4,4'-dibromotolan  dichloride, which  was  converted  into 
p-bromobenzoic  acid  when  oxidized  with  chromic  acid. 

(CH3)3SiC6H4CCI=CGlCoH4Si(GH3)3  +  2Br2  -►  BrG6H4GGl=GGlG6H4Br  +  2(GH3)3SlBr 

2p-BrGeH4GOOH 

When  a  chlorine  atom  is  introduced  into  p-(trichloromethyl)phenyltrichlorosilane,  the  two  isomers  (I)  and 
(11)  may  be  formed  and  cleavage  of  these  with  bromine  (after  preliminary  exhaustive  methylation),  followed  by 
oxidation  of  the  cleavage  products,'  could  lead  to  the  formation  of  3-chloro-4-bromo-  and  2-chloro-4-bromo- 
benzoic  acids  (HI  and  IV),  respectively  (melting  points  218  and  166®,  respectively). 

When  monochloro(p-trichloromethyl)phenyltrichlorosilane,  obtained  by  chlorinating  p-trichloromethylphenyl 
trichlorosilane,  was  treated  as  described  above,  we  isolated  a  chlorobromobenzoic  acid  with  m.p.  182-184*.  The 
latter  indicated  that  the  acid  was  not  pure  and  apparently  was  a  mixture  of  the  two  possible  isomeric  acids  (III 
and  IV). 
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From  this  it  follows  that  the  monochloro(p-trichlormethyl)phenyltrichlorosilane  was  a  mixture  of  the  two 
possible  Isomers. 

As  regards  the  structure  of  the  dichloro  derivatives  of  p-trichloromethylphenyltrichlorosilane  isolated,  of 
the  four  possible  isomers  (V-VIII),  the  most  probable  structures  are  (V),  (VI)  and  (VIII). 
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SiCl3 

SiCls 
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SiCl3 

(V) 

(VI) 

(VII) 

(VIII) 

Thus,  as  a  result  of  studying  the  reaction  of  p-CCljCgH^SiCls  with  chlorine  in  the  presence  of  FeCls,  we 
showed  diat  the  entering  chlorine  atom  is  oriented  by  both  of  the  available  substituents  (1-CClj,  4-SiCl5)  into 
positions  2  and  3. 

In  contrast  to  p-(trichlorometiiyl)phenyltrichlorosilane,  when  p-(trifluoromethyl)phenyltrifluorosilane*  was 
treated  with  chlorine  for  a  long  period  at  its  boiling  point  (118-119*)  in  the  presence  of  FeCl^  (1.7'5b),it  was  com¬ 
pletely  unchlorinated.  This  is  apparently  the  result  of  strong  deactivation  of  the  nucleus  by  the  CF3  group  and 
the  relatively  low  chlorination  temperature. 


EXPERIMENTAL 

Chlorination  of  p-trichloromethylphenyltrichlorosilane.  A  current  of  dry  chlorine  was  passed  at  a  rate  of 
20  ml/min  for  6  hours  50  minutes  through  a  porous  glass  plate  into  a  mixture  of  28  g  of  p-(trichloromethyl)phenyl- 
trichlorosilane  (m.p.  66-67*)**and  0.4  g  of  anhydrous  FeCl^  in  a  glass  column  (220  mm  high  and  25  mm  in  di¬ 
ameter)  at  100-110*,  with  a  layer  50  mm  high  in  the  column.  The  chlorination  proceeded  with  difficulty  and  a 
large  amount  of  chlorine  passed  through,unchanged.  When  the  reaction  mixture  had  been  flushed  with  air,  it  had 
gained  2.6  g  (compared  with  3.0  g  required  for  chlorination  to  the  monochloro  derivative).  The  chlorination 
products  were  distilled  in  vacuum  (13  mm)  to  give:  1st  fraction,  b.p.  160-170*,  3.5  g,  2nd  fraction,  b.p.  170-182*, 
24.1  g.  The  first  fraction  was  mainly  unchanged  p-(trichloromethyl)jrfienyltrichlorosilane.  Redistillation  of  the 
second  fraction  yielded  21.1  g  of  liquid  with  b.p.  171-179*  (13  mm),  which  corresponded  to  monochloro(p-tri- 
chloromethyl)i4ienyltrichloro3ilane  in  analysis.  The  yield  was  68.3%,  calculated  on  the  p -(trichlorom ethyl) - 
phenyltrichlorosilane  taken  for  reaction.  The  colorless,  mobile  liquid  with  a  sharp  smell  fumed  in  air. 


•p“CFjCjH4SiF3  was  prepared  by  fluorinating  p-CClsCeN^SiClj,  using  SbF3  by  the  method  described  by  Frost  [8]. 
••The  p-(trichloromethyl)phenyltridxlorosilane  was  prepared  by  liquid-phase,  catalytic  chlorination  of  p-tolyl- 
trichlorosilane  in  the  presence  of  azobisisobutyronitrile  [9]. 
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B.p.  172-177*  (13  mm)  cl*®20  1.63  69,  n^®D  1.5777. 

Found  C  23.42.  23.27;  H  1.03,  0.91;  01  68.04,68.21;  Si  7.82,  7.97.  CjU^iZl-jSl.  Calculated  “yc* 

C  23.10;  H  0.82;  Cl  68.36;  Si  7.70. 

Chlorination  of  p-(trichloromethyl)phenyltrichlorosilane  to  tlie  dichloro  derivative  was  carried  out  similarly 
under  the  same  conditions,  except  that  the  amount  of  chlorine  passed  was  correspondingly  increased.  23  g  of  p- 
(trichloromethyl)phenyltrichlorosilane,  which  was  chlorinated  for  twelve  hours  (4.3  g  increase  in  weight),  yielded 
15.4  g  of  a  colorless,  mobile  (when  heated)  liquid,  which  crystallised  on  cooling  to  give  solid  dichloro(p-tri- 
chloromethyl)phenyltrichlorosilane  (yield  55.4%).  Monochloro(p-trichloromethyl)phenyltrichlorosilane  (4.5  g) 
was  a  side  product.  The  total  yield  of  di-  and  monochloro  derivatives  was  84.4%.  The  dichloro(p-trichloro- 
methyl)phenyltrichlorosilane  was  a  white,  crystalline  substance  (prisms). 

B.p.  189-195*  (13  mm),  m.p.  123-126®  (from  chloroform). 

Found  %  C  21.72,  21.61;  H  0.62,  0.59;  Cl  70.16,  70.94;  Si  7.12,  7.21.  C^HjClgSi.  Calculated  % 

C  21.10;  H  0.50;  Cl  71.3;  Si  7.03. 

In  an  attempt  to  prepare  trichloro(p-trichloromethyl)phenyltrichlorosilane  by  chlorination  of  20.9  g  of  p- 
(trichlorometliyl)phenyltrichlorosilane  in  the  presence  of  FeCls  (ten  hours  at  115-120®  and  16  hours  at  125-130*, 
chlorine  rate  20  ml/min),  the  reaction  products  yielded  1.0  g  of  SiCl^  and  17.7  g  of  dichloro(p-trichloromethyl)- 
phenyltrichlorosilane.  The  yield  was  70.2%.  When  10.6  g  of  p-(trichloromethyl)phenyltrichlorosilane  was 
chlorinated  in  the  absence  of  catalyst  (190-200®,  13  hours  and  chlorine  rate  20  ml/min),  the  reaction  products 
yielded  unchanged  starting  silane. 

Reaction  of  p-trichloromethylphenyltrichlorosilane  with  CH3MgI.  To  an  ether  solution  of  CH3MgI,  pre¬ 
pared  from  7.2  g  of  magnesium,  40.2  g  of  CH3I  and  100  ml  of  absolute  ether,  was  added  a  solution  of  15  g  of 
p-trichloromethylphenyltrichlorosilane  in  40  ml  of  ether  and  the  mixture  boiled  for  30  minutes  on  a  water  bath 
(the  reaction  mixture  separated  into  two  layers)  and  then  decomposed  with  5%  hydrochloric  acid  with  cooling  (0*). 
After  the  usual  treatment,  the  ether  layer  yielded  6.6  g  of  a  solid  substance,  which  corresponded  in  analysis  to 
4,4'-di(trimethylsilyl)tolan  dichloride.  The  yield  was  67%.  The  white  crystalline  substance  (lustrous  platelets) 
had  m.p.  185-186®  (from  acetone)  and  was  difficultly  soluble  in  hot  alcohol  and  cold  acetone  and  readily  soluble 
(at  normal  temperatures)  in  benzene  and  chloroform. 

Found  %:  C  60.31,  60.95;  H  7.33,  7.36;  01  17.80,17.90;  Si  13.73,  13.60.  C;2oH26Cl2Si2.  Calculated  %: 

C  61.06;  H  6.6;  Cl  18.06;  Si  14.25. 

Cleavage  of  4,4’-di(trimethylsilyl)tolan  dichloride  with  bromine.  3.5  g  of  bromine  was  added  dropwise 
with  stirring  over  a  period  of  ten  minutes  to  4  g  of  4,4'  -di(trimethylsilyl)tolan  dichloride.  The  reaction  was  ac¬ 
companied  by  considerable  evolution  of  heat  (the  temperature  of  the  mixture  reached  90®).  When  all  the  bro¬ 
mine  had  been  added,  the  mixture  was  heated  at  70-80®  for  20  minutes  and  then  2.8  g  (90.3%)  of  (CH3)3SiBr  with 
b.p.  78-80"  was  distilled  off  from  it.  After  removal  of  the  (CH3)3SiBr,  the  solid  residue  was  recrystallized  from 
a  mixture  of  alcohol  and  acetone.  We  obtained  3.4  g  of  white  crystals  with  m.p.  155-157®,  which  corresponded 
in  analysis  to  4,4’-dibromotolan  dichloride.  The  yield  was  80.2%. 

Found  %  C  41.63,  41.44;  H  2.07,  2.01;  (Cl  +  Br)  57.41,  57.11.  CuHjCl^Brz.  Calculated  %c  C  41.27; 

H  1.96;  (Cl  +  Br)  56.77. 

Oxidation  of  4,4'-dibromotolan  dichloride.  3.5  ml  of  concentrated  sulfuric  acid  was  added  over  a  period 
of  ten  minutes  with  stirring  to  a  mixture  of  2  g  of  4,4’-dibromotolan  dichloride,  2.5  g  of  KjCrjO^  and  5  ml  of 
water.  At  this,  the  temperature  of  the  mixture  rose  and  a  vigorous  reaction  began.  When  the  sulfuric  acid  had 
been  added  and  the  evolution  of  heat  ceased,  the  reaction  mixture  was  boiled  gently  for  30  minutes.  When  the 
reaction  mixture  had  cooled,  25  ml  of  water  was  added  and  the  precipitate  formed  filtered,  washed  with  water 
(until  no  longer  acid  to  congo)  and  dissolved  in  5%  NaOH  solution.  The  insoluble  residue  was  filtered  off  and 
the  filtrate  poured  in  a  thin  stream  with  stirring  into  5%  sulfuric  acid  solution  (to  a  weakly  acid  reaction).  The 
precipitate  formed  was  filtered  off,  washed  first  with  a  small  amount  of  dilute  sulfuric  acid  and  then  with  water 
and  dried.  We  obtained  1.34  g  (68%)  of  white  crystals  with  m.p.  250*.  which  corresponded  in  analysis  to  p- 
bromobenzoic  acid.  Literature  data  [10];  m.p.  250-251®. 

Found  %t  Br  40.23,  40.46.  C7H502Bt.  Calculated  %e  Br  39.80. 
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Reaction  of  monochloro(p-trichloromethyl)piienyltrichlorosilane  with  CH8MgI  and  subsequent  treatment  of 
the  reaction  product  witli  bromine  and  chromic  acid.  The  experiments  were  carried  out  by  the  procedure  de~ 
scribed  in  the  previous  sections?  the  intermediate  reaction  products  were  not  isolated  in  a  pure  form.  When  5.4  g 
of  monochloro(p-trichlorometJiyl)phenyltrichlorosilane  was  treated  with  CHsMgl,  prepared  from  2.65  g  of  Mg  and 
13.3  g  of  CHsI  in  ether  solution,  we  obtained  3.0  g  of  a  thick,  dark-yellow  liquid,  which  was  treated  with  2.3  g 
of  bromine  and  gave  1.5  g  of  (CH3)8SiBr  (b.p.  78-80*).  After  removal  of  the  (CH3)3SiBr,  the  residual  solid  (3  g) 
was  oxidized  witli  chromic  acid  (4  g  of  K2Cr207  +  5.6  ml  of  cone.  H2SO4  +  6  ml  of  water).  We  obtained  ~2  g 
of  white  crystals  with  m.p.  182-184*  (from  alcohol),  which  dissolved  completely  in  5%  NaOH  solution  and  cor¬ 
responded  in  analysis  to  chlorobromobenzoic  acid. 

Found  (Br  +  Cl)  49.27,  49.31.  C7H402BtCl.  Calculated  %  (Br  +  Cl)  49.04. 

SUMMARY 

1.  Chlorination  of  p-CCl3C6H4SiCl3  in  the  presence  of  FeCl3  gave  mono-  and  dlchloro  derivatives.  We 
were  unable  to  obtain  derivatives  of  p-CCl3C6H4SiCl3  with  three  and  four  chlorines  in  the  nucleus  (cleavage  of 
the  C  -Si  bond  occurred). 

2.  It  was  found  that  the  monochloro  derivative  of  p-CCl3C8H4SiCl3  was  a  mixture  of  2-chloro-  and  3- 
chloro  -4  -(trichloromethyl)[^enyltrichlorosi  lanes. 

3.  It  was  established  that  p-CF3C6H4SiF3  does  not  react  with  chlorine  at  its  boiling  point  (118-119*),  even 
in  die  presence  of  FeCl3. 

4.  It  was  shown  that  treatment  of  p-CCl3C5H4SiCl3  with  methylmagnesium  iodide  yielded  4,4*-di(trimethyl- 
silyl)tolan  dlchloride. 
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REACTION  OF  fl -CHLOROVINYL  KETONES  WITH  S-DICARBONYL  COMPOUNDS 


VII.  ACID  CLEAVAGE  OF  a-ALKYL-a-(3-KETOALKENYL)-ACETOACETIC  ESTERS 
N.K.  Kochetkov  and  B.P.  Gottykh 


In  one  of  our  previous  works,  together  with  L.I.  Kudriashov,  we  were  able  to  ketovinylate  a-alkylaceto- 
acetic  esters  to  form  a-alkyl-a-(3-ketoalkenyl)-acetoacetic  esters  [1],  The  new  class  of  compounds  obtained 
is  of  undoubted  interest  for  organic  synthesis. 

We  began  the  investigation  of  the  chemical  behavior  of  a-alkyl-a-(3-ketoalkenyl)”acetoacetic  esters  with 
a  study  of  their  acid  cleavage.  The  compounds  investigated  were  vinylogs  of  a,a-dlacyl  derivatives  of  alij^atic 
esters,  whose  acid  cleavage,  as  is  known,  leads  to  the  corresponding  fl-ketoester  of  this  or  other  structures  (depend¬ 
ing  on  the  relative  ease  of  elimination  of  the  acyl  groups)  or  a  mixture  of  the  two  possible  fl -ketoesters.  In  our 
case  we  naturally  expected  that  the  acyl  group  would  be  eliminated  more  readily  than  the  fl-ketovinyl  group. 

Cleavage  of  a-alkyl-a-(3-ketoalkenyl)-acetoacetic  esters  by  the  most  general  method,  i.e.,  treatment 
with  concentrated  alkali  solutions,  was  impossible  due  to  the  lability  of  these  compounds  and  their  tendency 
toward  complex  condensations.  An  attempt  at  cleavage  using  catalytic  amounts  of  sodium  alcoholate  by  Dieck- 
mann’s  method  [2]  gave  negative  results.  When  a-all^l-a-(3-ketoalkenyl)-acetoacetic  esters  were  treated  with 
gaseous  ammonia  in  ether  solution,  as  recommended  by  Bouveault  [3]  for  the  cleavage  of  diacylacetic  esters, 
the  reaction  was  accompanied  by  side  processes  and  it  was  only  possible  to  isolate  very  small  yields  of  analyti¬ 
cally  pure  acid-cleavage  products  from  the  mixture  obtained. 

The  use  of  aqueous  ammonia  solution  containing  ammonium  chloride  for  the  cleavage  [4]  was  successful. 

In  this  case  the  a-alIqrl-a-(3-ketoalkenyl)-acetoacetic  esters  underwent  fairly  smooth  acid  decomposition  to 
form  esters  of  a -(3-ketoalkenyl)-alkanoic  acids. 

R' 

CHaCO.  Nil  HO  I 

>chco2C,H5  — rcoch=ch(:hco.,c,h-, 
rcogh=ch/  -  ■ 

(R  =  CH3,  C,H„  C,I^;  R'  =  C,M,.,). 

Detailed  investigation  of  the  reaction,  using  a-ethyl-a-(3-ketobutenyl)-acetoacetic  ester,  showed  that  the 
result  depended  on  the  amount  of  ammonia  solution  used,  as  is  shown  by  the  data  in  the  Table. 

As  the  data  in  the  Table  shows,  the  optimal  concentration  of  ammonia  found  is  also  suitable  for  perform¬ 
ing  the  reaction  on  a  larger  scale.  Further  investigation  showed  that  the  reaction  was  of  a  general  character. 

On  extending  it  to  other  homologs  of  a-allqrl-a-(3-ketoalkenyl)-acetoacetic  esters,  it  was  found  that  the  cleav¬ 
age  became  more  difficult  as  the  molecular  weight  of  the  compound  increased  and  therefore  the  optimal  am¬ 
monia  concentration  had  to  be  found  for  each  case. 

The  structure  of  the  compounds  we  obtained  was  proved  on  the  example  of  the  simplest  of  them  —  the  ester 
of  a-(3-ketobutenyl)-butyric  acid  “by  the  scheme 

CH3C0CH=CHCH  .  CO2C2H5  CH3C0CH2Cn2GHC02C:2H5 
G2H5  C2H5 

G2H5 

I 

->  GH3GOGll2Gn2GlIGOOH 
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Cleavage  of  a-sEthyl-a-(3-ketobutenyl)-acetoacetic  Ester 


Reagent  used 

Reaction 

temper¬ 

ature 

Product 
yield 
(in  %) 

ester 

(in  g) 

mjLmm 

mm 

H-O 

(ml) 

28.2 

5 

16 

75 

43-45“ 

25 

28.2 

10 

16 

75 

46-50 

48 

28.2 

15 

16 

75 

49-50 

70 

40.0 

21.5 

22.6 

106 

47-48 

69 

Hydrogenation  of  the  substance  over  palladium  on  barium  sulfate  gave  the  ester  of  a-ethyl-6 -ketocaproic 
acid,  which  was  hydrolyzed  to  give  the  acid  itself  and  the  latter  was  identified  as  the  semicarbazone. 

The  esters  of  a-(3-ketoalkenyl)-alkanoic  acids  obtained  were  vinylogs  of  ot-alkyl-S-ketoacid  esters, 
whose  syndiesis  was  recently  achieved  in  our  laboratory  by  cleavage  of  alkyl-(3-ketoalkenyl)-malonic  esters  [5]. 
The  reaction  described  in  the  present  article  is  a  more  convenient  method  of  synthesizing  them. 

EXPERIMENTAL 

Ethyl  a -(3 -ketobutenyl) -butyrate.  16  g  of  ammonium  chloride  was  dissolved  in  75  ml  of  water,  15  ml  of 
aqueous  ammonia  solution  (d.0.9)  added,  the  solution  heated  to  45“  and  added  to  28.2  g  of  a -ethyl -a -(3 -keto¬ 
butenyl) -acetoacetic  ester  in  a  flask  fitted  with  a  stirrer,  a  thermometer  and  an  air  condenser.  The  reaction 
mixture  was  stirred  vigorously  and  heated  for  two  minutes  on  a  water  bath  at  50“.  The  reaction  proceeded  with 
the  evolution  of  heat  and  the  temperature  of  the  mixture  was  kept  within  the  range  49-50*.  After  40  minutes  the 
reaction  mass  was  cooled,  the  oily  layer,  containing  the  bulk  of  the  substance,  separated  and  the  aqueous  solution 
extracted  with  ether  (2  x  50  ml).  The  ether  extracts  were  combined  with  the  bulk  of  the  material,  washed  with 
dilute  (1:2)  hydrochloric  acid  (2  x  50  ml)  and  dried  over  baked  magnesium  sulfate.  After  removal  of  the  ether, 
the  residue  was  vacuum  distilled  and  a  fraction  with  b.p.  89-93“  (1  mm)  collected.  After  three  distillations  the 
substance  had  the  constants: 

B.p.  85-88“  (1  mm),  d**®  1.0058,  n^*®  1.4560,  MRp  49.79;  calc.  49.58. 

Found  %  C  64.96,  64.92;  H  8.78,  8.95,  CioHigO,.  Calculated  C  65.19;  H  8. 75. 

The  yellowish  oil  was  miscible  with  organic  solvents,  insoluble  in  water  and  stable  during  storage.  The 
yield  was  16  g  (70%). 

Ethyl  a -(3 -ketopenten-l-yl) -butyrate  was  obtained  similarly  from  30  g  of  a-ethyl-a-(3-ketopenten-l-yl)- 
acetoacetic  ester  by  treatment  with  16  g  of  ammonium  chloride  in  75  ml  of  water  and  25  ml  of  aqueous  am¬ 
monia  solution. 

In  this  case  the  reaction  mixture  did  not  evolve  heat  and  the  temperature  of  the  reaction  mixture  was  kept 
for  40  minutes  in  the  range  51-55“.  After  working  up  as  described  above,  we  vacuum  distilled  the  residue,  col¬ 
lecting  a  fraction  with  b.p.  93.5-97“  (0.5  mm).  After  three  distillations,  the  substance  had  the  constants: 

B.p.  88-91“  (1  mm),  d4*®  0.9907,  n^*®  1.4562,  MRp  54.42;  calc.  54.12. 

Found  %.  C  66.34,  66.43;  H  9.32,  9.21.  CuHigOj.  Calculated  %  C  66.64;  H  9.15. 

The  yield  was  15.7  g  (63.5%).  The  yellowish  oil  was  miscible  with  organic  solvents,  insoluble  in  water 
and  stable  during  storage. 

In  a  similar  experiment,  where  the  concentration  of  aqueous  ammonia  used  for  the  cleavage  was  a  factor 
of  2.5  less  and  conesponded  to  the  concentration  used  in  the  previous  experiment,  the  yield  was  20% 

Ethyl  a-(3-ketohexen-l-yl)-butyrate  was  prepared  similarly  from  31.8  g  of  a-ethyl-a-(3-ketohexen-l-yl)- 
acetoacetic  ester  by  treatment  with  16  g  of  ammonium  chloride  in  75  ml  of  water  and  25  ml  of  aqueous  ammonia 
solution.  The  temperature  of  the  reaction  mixture  was  kept  in  the  range  46-48“  for  ten  minutes.  Distillation  in 
vacuum  yielded  a  fraction  with  b.p.  98-100“  (1  mm). 


2760 


After  three  distillations,  the  substance  had  the  constants: 

B.p.  92-94*  (1  mm),  d/®  0.9726,  n^*®  1.4561,  MR^  59.30;  calc.  58.81. 

Found  Iff.  C  67.85,  67.89;  H  9.68,  9.61.  Calculated  ^  C  67.89;  H  9.50 

The  yield  was  10  g  (38*70).  The  yellowish  oil  was  miscible  with  organic  solvents,  insoluble  in  water  and 
stable  during  storage. 

In  a  similar  experiment,  where  the  ammonia  concentration  was  half  as  great,  the  yield  was  20*70. 

Ethyl  g -ethyl-6  -ketocaproate.  15  g  of  ethyl  a -(3 -ketobutenyl) -butyrate  was  hydrogenated  in  50  ml  of 
ether  over  palladium  on  barium  sulfate.  Over  a  period  of  four  hours,  2090  ml  of  hydrogen  (2000  ml  calculated) 
was  consumed.  Working  up  in  the  usual  way  gave  14  g  of  substance  with  b.p.  63-64*  (0.5  mm).  After  a  second 
distillation  the  substance  had  the  constants: 

B.p.  64-66*  (1  mm),  d/®  0.9671,  np*®  1.5293,  MRp  49.68;  calc.  50.02. 

Found  %  C  64.70,  64.62;  H  9.83,  9.58.  CioHigO,.  Calculated  *7<«  C  64.48;  H  9.75. 

The  colorless  liquid  had  a  characteristic  smell.  * 

The  semicarbazone formed  colorless  needles  with  m.p.  95.5-97*  (from  30<7o  ethyl  alcohol). 

Found  *7o:  N  17.47,  17.40.  CuHziOjNj.  Calculated  %  N  17.27. 

a -Ethyl-5  -ketocaproic  acid.  9  g  of  ethyl  a -ethyl-6  -ketocaproate  was  boiled  for  two  hours  with  a  solu¬ 
tion  of  7.7  g  of  sodium  hydroxide  in  23  ml  of  water.  The  solution  was  acidified  with  hydrochloric  acid  (1:2)  to 
an  acid  reaction  to  congo  and  extracted  with  ether  and  the  ether  extracts  dried  over  magnesium  sulfate.  When 
the  solvent  had  been  removed,  the  residue  was  vacuum  distilled  to  give  a  fraction  with  the  following  constants: 

B.p.  132-133*  (1  mm),  n^*®  1.4480. 

Literature  data:  b.p.  135-137*  (2  mm)  [6];  147*  (7  mm),  njj*®  1.4483  [5]. 

The  yield  was  5.6  g  (72.5*7o). 

The  semicarbazone  was  prepared  by  the  usual  method. 

M.p.  128-130*  (from  30*70  ethyl  alcohol). 

Found  %  N  19.72,  19.54.  C9H17O3N3.  Calculated  *7o:  N  19.52. 

Literature  data:  m.p.  127-129*  [6],  131-131.5*  [5]. 

SUMMARY 

The  acid  cleavage  of  a-alkyl-a-(3-ketoalkenyl)-acetoacetic  esters  was  performed  with  aqueous  ammonia 
solution,  containing  ammonium  chloride.  Using  this  reaction,  we  developed  a  general  method  of  synthesizing 
a-(3-ketoalkenyl)-alkanoic  esters.  It  was  shown  that  with  an  increase  in  the  molecular  weight  of  the  a-alkyl- 
a-(3-ketoalkenyl)-acetoacetic  ester,  the  acid  cleavage  required  more  drastic  conditions  and  gave  lower  yields 
of  a-(3-ketoalkenyl)-alkanoic  esters. 
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INVESTIGATION  IN  THE  ISOXAZOLE  SERIES 
VIL  CHLOROMETHYLATION  OF  ISOXAZOLES 

N.K.  Kochetkov.  E.  D.  Khomutova  and  M.V.  Bazilevskii 


In  a  previous  report  [1]  it  was  shown  that  3-chloromethylisoxazole  was  a  convenient  starting  material  for 
the  synthesis  of  isoxazole  derivatives  with  various  functional  substituents  in  the  side  chain.  In  this  connection  it 
seemed  of  great  interest  to  develop  a  general  method  for  synthesizing  other  chloromethylisoxazoles  and  the  most 
suitable  method  appeared  to  be  the  chloromethylation  reaction.  Despite  the  fact  that  this  method  is  applied  very 
widely  in  the  aromatic  series,  information  on  the  chloromethylation  of  heterocyclic  compounds  is  extremely  scanty 
and  is  limited  to  data  on  the  chloromethylation  of  some  thiophenes  [2-4]  and  esters  of  pyromucic  acid  [5,  6].  No 
information  has  been  published  up  to  now  on  the  chloromethylation  of  nitrogen -containing  heterocyclic  com¬ 
pounds,  including  isoxazoles.  An  investigation  of  the  chloromethylation  of  isoxazoles  is  also  of  fundamental  in¬ 
terest  in  broadening  our  knowledge  of  this  interesting  heterocyclic  system,  for  which  tfie  only  electrophilic  sub¬ 
stitution  reactions  known  are  separate,  haphazard  examples  of  halogenation  [7],  nitration  [8]  and  sulfonation  [9]. 

In  our  laboratory  it  was  recently  shown  that  3,5-dimethylisoxazole  will  undergo  chloromethylation  [10]. 

In  the  present  report  we  present  data  from  a  detailed  study  of  this  reaction  for  various  substituted  isoxazoles.  We 
first  made  a  detailed  study  of  chloromethylation  conditions  using  the  readily  available  3,5-dimethylisoxazole 
so  as  to  select  the  most  advantageous  procedure  for  chloromethylation  in  the  isoxazole  series.  The  choice  of  this 
example  was  also  dictated  by  the  fact  that  in  this  case  isomer  formation  was  excluded. 

HC - C— CHn  GlHoC— C - C— CH3 

II  II  ■  '  II  II 

HoC— C  N  - *•  HoC— C  N 

o  o 

3,5-Dimethylisoxazole  was  chloromethylated  with  various  agents  (paraformaldehyde  with  hydrogen  chloride, 
dichlorodimethyl  ether  and  monochlorodimethyl  ether),  using  various  catalysts  (zinc  chloride,  sulfuric  acid  and 
stannic  chloride)  and  in  various  solvents  (hydrochloric  acid,  sulfuric  acid,  dichloroethane,  chloroform  and  excess 
chlorodimediyl  ether).  The  results  obtained  in  studying  this  reaction  are  presented  in  Table  1. 

As  the  data  in  Table  1  show,  the  result  of  the  reaction  depended  to  a  considerable  degree  on  the  nature  of 
the  chloromethylating  agent,  the  catalyst  and  the  reaction  conditions.  In  most  cases  a  considerable  part  of  the 
original  3,5-dimethylisoxazole  was  recovered  unchanged  (experiments  1,  4  and  7-11).  When  the  reaction  tem¬ 
perature  was  raised  to  70-75*  or  die  heating  time  was  increased,  there  was  considerable  tar  production  in  the  re¬ 
action  mixture;  the  yield  of  chloromethyl  derivative  was  not  thus  increased,  but  the  original  3,5-dimelhylisox- 
azole  could  not  be  recovered  from  the  reaction  mixture.  The  optimal  conditions,  which  we  also  used  in  fur¬ 
ther  work,  were  chloromethylation  with  paraformaldehyde  and  hydrogen  chloride  (experiment  1)  in  dichloroethane 
(yield  on  dimethylisoxazole  used,  about  30*70  and  40-45%  on  that  which  reacted).  Chloromethylation  with  di¬ 
chlorodimethyl  ether  (experiment  4)  gave  approximately  the  same  results,  but  this  method  was  less  convenient 
as  regards  starting  matMials.  The  most  suitable  catalyst  was  zinc  chloride.  Sulfuric  acid  was  too  drastic  and,  on 
the  other  hand,  stannic  chloride  was  too  mild  a  catalyst.  The  reaction  was  best  performed  in  dichloroethane  or 
chloroform  and  the  use  of  excess  chloro-  or  dichlorodimethyl  ether  as  the  solvent  was  not  advantageous. 
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TABLE  1 

Chloromethylation  of  3,5-Dimethylisoxazole 


Yield  (in  % 

Expt. 

No. 

Chlorom  ethyl¬ 
ating  agent 

Cata¬ 

lyst 

Medium 

Reaetion 

eonditions 

on  di- 

methyl- 

isoxa- 

zole 

used 

on  di- 
methyl- 
isoxa  - 

zole 

reaeted 

Comments 

1 

Paraformalde¬ 
hyde  -  HCl 

ZnC]2 

Dichloroethane 

HCl  passed  for 
1.5  hours  at 
55-60®,  boiled 
for  3  hours 

30 

46 

35*70  dimethyl 
isoxazole  re- 

eovered.  In- 
signifieant  tar 
formation 

2 

Paraformalde¬ 
hyde  -HCl 

ZnClj 

•• 

HCl  passed  for 

3  hours  at 

75®,  boiled 
for  5  hours 

26 

26 

No  dimethylisox- 
azole  reeov- 
ered.  Strong 
tar  formation 

3 

Paraformalde¬ 
hyde  -  HCl 

ZnClj 

Cone.  HCl 

Heating  for  12 
hours  at 

68-72® 

23 

25 

8*70  dimethylisox- 
azole  reeov- 
ered.  Strong 
tar  formation 

4 

CHjClOCHjCl 

ZnCl2 

Chloroform 

Boiling  for  12 
hours 

29 

48 

40*7)  dimethyl- 
isoxazole  re- 

eovered.  In- 
signifieant  tar 
formation 

5 

CHjClOCHjCl 

ZnCl2 

Diehloroethane 

Boiling  for  14 
hours 

30 

30 

No  dimethylisox - 
azole  reeov- 
ered.  Strong 
tar  formation 

6 

CHjClOCHjCl 

21nOl2 

Exeess 

CH2CIOCH2CI 

Heating  at 
50-60®  for 

14  hours 

20 

24 

15*7o  dimethyl- 
isoxazole  re- 
eovered.  Strong 
tar  formation 

7 

CH2CIOCH2CI 

SnClt 

Chloroform 

Boiling  for  6 
hours 

i 

1 

12 

18.5 

35*7o  dimethyl 
isoxazole  re- 

eovered.  In- 
signifieant  tar 
formation 

8 

CH2CIOCH2CI 

Cone. 

H2SO4 

Cone.  H2SO4 

Heating  at 

70-80®  for 

4  hours 

0 

0 

45*7)  dimethyl- 
isoxazole  re- 
eovered.  Strong 
tar  formation 

9 

CH2CIOGH3 

ZrnC>l2 

Exeess 

CH2CIOCH3 

Heating  at 

60®  for 

12  hours 

21 

33 

37*7)  dim  ethyl - 
isoxazole  re- 

eovered.  Con¬ 
siderable  tar 

formation 

10 

CH2CIOCH3 

ZnClj 

The  same 

Boiling  for  18 
hours 

12 

18.5 

35*7o  dim  ethyl - 
isoxazole  re- 
eovered.  Strong 
tar  formation 

11 

CH2CIOCH3 

ZnCl* 

It 

Boiling  for  12 
hours 

2.5 

3.5 

20*7o  dimethyl- 
isoxazole  re- 
eovered.  Strong 
tar  formation. 
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Under  the  established  optimal  conditions  (experiments  1  and  4),  the  chloromethylation  of  3,5-dimethyl- 
isoxazole  proceeded  extremely  smoothly  and  gave  steady  yields;  the  reaction  product  was  isolated  by  the  usual 
methods.  We  also  attempted  to  establish  the  composition  of  the  tarry  residue,  obtained  in  different  amounts 
during  chloromethylation  under  various  conditions.  By  distillation  we  were  able  to  isolate  a  very  small  amount 
of  a  substance  with  m.p.  72-74",  which  differed,  however,  in  analysis  from  bis-(3,5-dimethylisoxazolyl)-methane, 
whose  formation  could  be  expected;  evidently,  it  was  a  more  complex  polycondensation  product. 

In  order  to  widen  the  application  of  this  reaction  and  to  study  the  effect  of  alkyl  substituents  on  the  result 
of  chlorometiiylation,  we  then  studied  the  chloromethylation  of  3-  and  5-methylisoxazoles,  isoxazole  itself  and 
also  5-phenylisoxazole  under  the  optimal  conditions.  The  experimental  results  are  given  in  Table  2. 

TABLE  2 


Chloromethylation  of  Isoxazole  and  Its  Homologs 


Expt. 

No. 

Starting  compound 

Solvent 

Reaction  conditions 

Yield  (in  fo 
of  isoxazole 
taken) 

1 

3 , 5  -  Dim  ethy  lisox  a  zole 

Dichloroethane 

HCl  passed  for  2  hours  at  52", 
boiling  for  3  hours 

30 

2 

5  -Methylisoxa  zole 

ft 

HCl  passed  for  2  hours  at  60", 
boiling  for  3  hours 

26 

3 

3  -Methylisoxa  zole 

•f 

HCl  passed  for  3  hours  at  60", 
boiling  for  4  hours 

19.5 

4 

Isoxazole 

Chloroform 

HCl  passed  for  8  hours  at 
boiling  point,  boiling  for  8 
hours 

1.8 

The  results  obtained  indicate  very  clearly  that  the  yield  of  chloromethylation  product  fell  with  a  decrease 
in  the  number  of  substituent  methyl  groups  in  the  isoxazole  nucleus.  With  isoxazole  itself,  the  chloromethylation 
proceeded  to  the  least  extent  and  despite  many  attempts  and  variations  in  the  conditions,  we  were  unable  to 
change  the  result  and  to  isolate  the  chloromethylation  product  in  an  analytically  pure  stave. 

Thus,  as  in  the  aromatic  series,  chloromethylation  in  a  heterocyclic  ring  is  facilitated  by  the  presence  of 
a  substiment  of  the  first  order  in  the  nucleus  and,  consequently,  it  obeys  the  law  of  electrophilic  substitution  in 
the  isoxazole  series.  This  further  confirms  the  fact  that  the  isoxazole  system  represents  a  typical  aromatic  sys¬ 
tem  here.  At  the  same  time  we  should  note  that  under  the  same  conditions,  the  aromatic  analogs  of  the  com¬ 
pounds  we  used  (benzene,  toluene  and  xylene)  are  chlorom ethylated  much  more  readily,  which  indicates  the 
relative  inertness  of  the  isoxazole  ring  in  electrophilic  substitution  reactions,  which  in  this  connection  exceeds 
not  only  such  "superaromatic"  heterocycles  as  pyrrole,  thiophene  and  furan,  but  also  benzene. 

In  contrast  to  3,5-dimethylisoxazole,  chloromethylation  of  3-  and  5-methylisoxazoles  can  lead  to  the 
formation  of  one  or  another  isomer  or  a  mixture  of  both  possible  isomers.  Investigation  showed  that  chloromethyl 
ation  of  both  3-methylisoxazole  and  5-methylisoxazole  gave  only  one  reaction  product;  thus,  the  chloromethyl¬ 
ation  reaction  goes  practically  in  one  direction.  Thus,  the  reaction  mixture  obtained  by  the  chloromethylation 
of  5-methylisoxazole,  was  distilled  on  a  vacuum  column  and  90*70  of  it  came  over  in  a  range  of  0.1-0.2*.  The 
very  small  amount  of  light  fraction  possibly  contained  some  impurities,  whose  presence  should  not  be  explained 
by  the  chloromethylation  proceeding  in  more  than  one  direction,but  by  the  presence  of  traces  of  isomers  in  the 
starting  3-  and  5-metiiylisoxazoles,  as  the  method  of  preparing  them  [12, 13]  did  not  exclude  the  presence  of  a 
few  percent  of  other  isomers  in  them. 

To  solve  the  problem  of  the  strucmre  of  the  chloromethyl  derivatives  obtained,  we  developed  a  method  of 
converting  them  into  the  corresponding  isoxazolyl  carbinols  and  then  into  the  isoxazolecarboxylic  acids  by  the 
sclieine 

HC  — CH  HC  — CH  HC  —  CH 

R-ll-  -tf-CHzCl  - R-[}-  l-CH^OH - -  R-jf  -jj-COOH 

HC  N  HC  N  HC  N 

\-/  N.,/ 
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Hydrolysis  of  chloromethyl  derivatives  of  the  isoxazole  series  into  the  corresponding  alcohols  involves  dif¬ 
ficulties  as  the  isoxazole  ring  is  readily  opened  by  treatment  with  substances  of  an  alkaline  character.  One  of  us 
and  A. la.  Khorlin  attempted  to  prepare  3-hydroxymethylisoxazole  from  the  corresponding  chloride  through  the 
acetate  [11].  Although  the  acetate  was  obtained  in  high  yield,  it  could  not  be  hydrolyzed. 

We  have  now  devised  conditions  for  the  direct  hydrolysis  of  chloromethyl  derivatives  into  the  corresponding 
hydroxymethyllsoxazoles  by  heating  the  chlorides  with  an  aqueous  suspension  of  freshly  precipitated  lead  oxide. 

By  this  method,  the  alcohols  were  obtained  in  high  yields  (60-70‘7o)  and  the  reaction  put  forward  is  a  new  and  pre- 
para  tively- convenient  method  of  obtaining  hydroxymethylisoxazoles,  which,  up  to  now,  could  only  be  obtained 
through  the  corresponding  difficultly  accessible  aminomethylisoxazoles  [13].  Considering  the  availability  of 
chloromethylisoxazoles  by  direct  chloromethylation,  the  method  of  synthesizing  hydroxymethylisoxazoles  that  we 
proposed  is  quite  obviously  preferable. 

Oxidation  of  the  hydroxymethylisoxazoles  obtained  to  the  corresponding  acids  did  not  present  difficulties 
and  was  performed  by  a  known  method  [13],  using  chromic  mixture.  The  isoxazolecarboxylic  acids  were  thus 
obtained  in  hi^  yields.  The  isoxazolecarboxylic  acids  could  be  obtained  by  direct  oxidation  of  the  chloromethyl 
derivatives  with  chromic  mixture,  by -passing  the  corresponding  carbinols,  and  this  has  preparative  value;  we 
used  this  method  to  prepare  3, 5-dimethylisoxazole-4 -carboxylic  acid  and  to  prove  the  structure  of  the  chloro¬ 
methylation  product  of  5-phenylisoxazole  (see  below). 


CHoCl— C - C— Ciig  iiOOC-C— C-CH;, 

II  II  K,Cr,0,  II  II 

CII3-G  N  GH3-C  N 

\  /  \  / 

O  0 


When  the  chloromethylation  product  of  3-methylisoxazole  was  hydrolyzed,  we  obtained  a  liquid  3-methyl- 
hydroxy  methylisoxazole,  whose  p-nitrobenzoate  had  m.p.  130-132*.  This  constant  differed  sharply  from  the  con¬ 
stant  of  the  p-nitrobenzoate  of  3 -methyl-5 -hydroxymethylisoxazole  (m.p.  82-83*  [13]),  whose  formation  would 
be  expected.  Oxidation  of  the  alcohol  obtained  gave,  as  the  sole  reaction  product,  a  3-methylisoxazolecarboxylic 
acid  with  m.p.  121-122*,  while  3 -methylisoxazole-5 -carboxylic  acid  has  m.p.  210-211*  [13, 14].  Thus,  we  were 
obviously  dealing  with  3 -methylisoxazole-4 -carboxylic  acid  and  3 -methyl-4 -hydroxymethylisoxazole,  which 
are  not  described  in  the  literature,  and,  consequently,  the  chloromethylation  product  of  3-methylisoxazole  was 
3  -methyl-4  -chloromethylisoxazole. 


HG - G— GH3  GHoGl— C - G— GH, 

il  II  11  II 

0  0 

Exactly  the  same  hydrolysis  of  the  chloromethylation  product  of  5 -methylisoxazole  gave,  as  the  sole  reac¬ 
tion  product,  a  hydroxymethylisoxazole,  whose  p-nitrobenzoate  had  m.p.  125-126*  and  oxidation  of  the  alcohol 
gave  only  an  acid  with  m.p.  146-147*.  The  two  substances  differed  sharply  in  constants  from  the  p-nitrobenzoate 
of  5-methyl-3-hydroxymethylisoxazole  and  5-methylisoxazole-3-carboxylic  acid  (m.p.  92-93*  [13]  and  176-177* 
[13, 14],  respectively).  Consequently,  the  compounds  we  obtained  were  5-methyl-4-hydroxymethylisoxazole 
and  5-methylisoxazole-4-carboxylic  acid,  respectively,  which  are  not  described  in  the  literature 


HG - Gil 

II  II 

GH3— G  N 

\  / 

O 


GHoGl-G - GH 

II  II 

GHo— G  N 

\  / 


0 


To  prove  the  absence  of  traces  of  isomeric  chloromethyl  derivatives  in  the  chloromethylation  reaction 
product,  we  investigated  the  small,  most' volatile  fraction,  obtained  on  distilling  the  chloromethylation  product 
of  5 -methylisoxazole  on  a  column  (see  above).  Without  any  purification,  the  latter  was  treated  with  the  silver 
salt  of  p-nitrobenzoic  acid.  The  p-nitrobenzoate  of  isomeric  5 -methyl-3 -hydroxymethylisoxazole  could  not  be 
isolated  from  the  mixture  of  p-nitrobenzoates  of  isoxazolylcarbinols  thus  obtained. 
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The  insufficiency  of  the  amount  of  chlorom ethylation  product  from  isoxazole  itself  and  the  difficulties 
arising  in  its  purification,  prevented  us  from  determining  the  structure  of  this  substance  similarly;  however,  ' 
there  can  be  hardly  any  doubt  that  it  was  4-chloromethylisoxazole.  We  have  now  proved  definitely  that  nitra¬ 
tion  of  isoxazole  occurs  at  position  4,  confirming  this  proposal.  Data  on  the  nitration  will  be  published  in  the 
next  communication. 

On  chloromethylating  5-phenylisoxazole  with  paraformaldehyde  and  hydrogen  chloride  in  dichloroethane 
in  the  presence  of  zinc  chloride,  we  obtained  a  solid  chloromethyl  derivative  in  37*70  yield.  Oxidation  of  the 
latter  with  potassium  permanganate  gave  a  high  yield  of  benzoic  acid;  phthalic  acids  were  not  detected  in  the 
oxidation  products.  Hence  it  follows  that  chlorom  ethylation  of  5-phenylisoxazole  proceeded  exclusively  in  the 
isoxazole  ring  and  did  not  involve  the  phenyl  group  in  the  least.  To  determine  the  position  in  which  the  chloro¬ 
methyl  group  was  introduced,  we  attempted  to  carry  out  the  conversions  in  the  scheme  described  previously  for 
the  methylisoxazoles.  However,  hydrolysis  of  5-phenylchloromediylisoxazole  gave  an  oily  mixture  of  products. 

As  a  result,  we  used  the  direct  oxidation  of  the  chloromethyl  derivative  with  chromic  mixture,  which  gave  about 
70*70  yield  of  an  acid  with  m.p.  148-149*,  which  was  close  in  its  properties  to  5-phenylisoxazole-4-carboxylic 
acid,  which  is  described  in  tiie  literature.  The  conversions  described  can  be  represented  by  the  following  scheme. 


HG 

II 

CeHs-G 


-CH 


N 

\  / 
0 


CH,0 

licT 


CH2C1 

I 

C - CH 

!l  II  - 

C0H5 — G  N 

V 


KMn04 


K,Cr,0, 

h.soT 


GeHsCOOH 
HOOG— C GH 


CoHg-G  N 

\/ 
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From  the  material  presented  it  is  obvious  that  chloromethylation  of  5-phenylisoxazole  proceeded  in  posi¬ 
tion  4  of  the  isoxazole  nucleus.  This  confirms  data  from  one  of  our  previous  reports  [15]  that  electrophilic  sub¬ 
stitution  in  5-phenylisoxazole  occurs  at  position  4.  Thus,  in  the  5-phenylisoxazole  system  the  isoxazole  nucleus 
is  more  active  than  the  phenyl,  with  the  latter  very  clearly  showing  an  activating  effect.  Thus,  for  example, 
isoxazole  itself  is  only  chlorom  ethylated  to  a  low  degree  (yield,  1.8*7o),  but  with  phenyUsoxazole  the  yield  is  37*7o. 
Moreover,  the  phenyl  nucleus  activates  the  isoxazole  ring  more  strongly  than  methyl  groups,  as  is  shown  by  the 
yields  of  chloromethyl  derivatives  (37,  26  and  19*7o,  respectively),  obtained  under  the  same  conditions. 

From  the  data  presented,  it  is  obvious  that  chloromethylation  of  substituted  isoxazoles  proceeds  only  in 
position  4  (regardless  of  the  position  of  other  substituents),  when  this  position  in  the  nucleus  is  free,  and  conse¬ 
quently,  position  4  is  the  most  active  one  in  the  isoxazole  nucleus. 

EXPERIMENTAL 

4-Chloromefhyl-3,5-dimethylisoxazole.  a)  For  1.5-2  hours  a  fast  stream  of  hydrogen  chloride  was  passed 
into  a  vigorously  stined  mixture  of  20  g  of  dimethylisoxazole,  8  g  of  paraformaldehyde,  10  g  of  anhydrous  zinc 
chloride  and  50  ml  of  dichloroethane  at  50-55*.  The  mixture  was  then  boiled  for  three  hours  and  poured  into 
water,  the  dichloroethane  layer  separated,  the  aqueous  layer  carefully  neutralized  with  potash,  extracted  with 
chloroform  and  then  saturated  with  potash,  the  zinc  hydroxide  removed  by  filtration  and  the  aqueous  layer  again 
extracted  with  chloroform.  The  combined  extracts  were  washed  with  sodium  bicarbonate  solution  and  water  and 
dried  over  calcium  chloride.  The  solvent  was  evaporated  and  the  residue  vacuum  distilled  to  give  11  g  of  the 
original  3,5 -dimethylisoxazole  with  b.p.  30-40*  (7  mm)  and  9  g  of  4-chloromethyl-3,5-dimethylisoxazole  (30*7o 
calculated  on  the  dimethylisoxazole  taken  and  46*70  on  that  which  reacted)  with  b.p.  88-90*7o  (7  mm).  Distilla¬ 
tion  of  the  tarry  residue  yielded  a  fraction  witii  b.p.  90-150*  (7  mm),  which,  on  standing,  deposited  a  small 
amount  of  a  crystalline  substance  with  m.p.  73-74*  (from  benzine). 

b)  Heating  a  mixture  of  25  g  of  3, 5 -dimethylisoxazole  and  15  g  of  paraformaldehyde  in  130  ml  of  concen¬ 
trated  hydrochloric  acid  at  68-72*  for  12  hours,  treating  the  mixture  with  sodium  hydroxide  solution,  extracting 
with  benzene  and  working  up  in  the  usual  way  yielded  8.5  g  of  4 -chloromethyl-3, 5 -dimethylisoxazole  (23*7o) 
and  2  g  of  starting  dimethylisoxazole. 

c)  A  mixture  of  15  g  of  3, 5 -dimethylisoxazole,  25  g  of  dichlorodimeAyl  ether,  8  g  of  anhydrous  zinc 
chloride,  1  ml  of  water  and  40  ml  of  chloroform  was  boiled  for  12  hours  with  vigorous  stirring.  The  mixture  was 
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poured  into  water,  the  chloroform  layer  separated  and  the  aqueous  layer  neutralized  with  bicarbonate  solution 
and  extracted  with  chloroform.  The  combined  extracts  were  treated  as  described  above  and  yielded  6.5  g  of  4- 
chloromethyl-3,5-dimethylisoxazole  (29  and  48*70.  respectively,  on  the  dimethylisoxazole  taken  and  consumed) 
with  b.p.  88-90’  (7  mm)  and  6  g  of  starting  dimethylisoxazole. 

The  chloromethylation  with  monochloromethyl  ether  was  performed  under  analogous  conditions.  The  con¬ 
ditions  of  the  other  chloromethylation  experiments,  which  are  not  of  preparative  interest,  are  shown  by  the  data 
in  Table  1.  After  redistillation,  the  4-chloromethyl-3,5-dimethylisoxazole  had  the  constants; 

B.p.  67-67.5’  (1  mm),  n^*®  1.4852,  d^*®  1.1738,  MRp  5.55;  calc.  35.49.* 

Found  let  Cl  24.63,  24.66.  CgHgONCl.  Calculated  loi  Cl  24.36. 

The  colorless  oil  was  lachrymatory,  difficultly  soluble  in  water  and  stable  during  storage. 

3-Methyl-4-chloromethylisoxazole.  This  was  prepared  by  the  method  a  described  above  from  34  g  of  3- 
methylisoxazole  [11],  18  g  of  paraformaldehyde  and  21  g  of  zinc  chloride  in  100  ml  of  dichloroethane.  The  hy¬ 
drogen  chloride  was  passed  for  three  hours  at  60-65’  and  the  mixture  boiled  for  three  hours.  Distillation  yielded 
13  g  (37*70)  of  original  3-methylisoxazole  with  b.p,  35-50"  (50  mm)  and  10  g  (19.5*7o)  of  the  chloromethylation 
product  with  b.p.  71-81"  (9  mm). 

B.p.  61-62"  (1  mm),  n^*®  1.4874,  d4^®  1.2026,  MRq  31.49;  calc.  31.00. 

Found  *7o:  Cl  26.71,  26.84.  CsHgONCl.  Calculated  *7o:  Cl  26.99. 

3- Methyl-4-chloromethylisoxazole  was  a  colorless  mobile  liquid,  soluble  in  ether,  chloroform  and  alcohol 
and  lachrymatory. 

5-Methyl-4-chloromethyllsoxazole.  This  was  prepared  by  method  a  from  37  g  of  5-methylisoxazole  [12], 
20  g  of  paraformaldehyde,  24  g  of  zinc  chloride  in  100  ml  of  dichloroethane.  The  hydrogen  chloride  was  passed 
for  3.5  hours  at  60-70"  and  the  reaction  mixture  boiled  for  four  hours.  Distillation  yielded  9  g  (24*7o)  of  original 
5-methylisoxazole  with  b.p.  35-40’  (40  mm)  and  17  g  (29*7o  on  the  5-methylisoxazole  taken  and  39*7©  on  that 
reacted)  of  chloromethylation  product  with  b.p.  78-80"  (9  mm).  Distillation  on  a  vacuum  column  of  12  theoreti¬ 
cal  plates  yielded  0.8  g  of  a  fraction  with  b.p.  74-78"  (6  mm)  and  12  g  of  the  main  fraction. 

B.p.  78"  (6  mm),  ng*®  1.4883,  d^^®  1.2028,  MRj)  31.54;  calc.  31.00. 

Found  70!  Cl  26,74,  26.76.  CsHgONCl.  Calculated  *7o:  Cl  26.99. 

5-Methyl-4-chloromethylisoxazole  was  a  colorless,  mobile,  lachrymatory  liquid;  it  dissolved  in  ether, 
chloroform  and  alcohol.  It  darkened  on  prolonged  storage. 

4- Chloromethylisoxazole  was  obtained  from  27  g  of  isoxazole  [16],  17  g  of  paraformaldehyde,  20  g  of  zinc 
chloride  in  120  ml  of  chloroform  by  method  a.  The  hydrogen  chloride  was  passed  for  eight  hours  with  the  reac¬ 
tion  mixture  boiling,  then  the  latter  was  boiled  for  eight  hours.  The  solvent  was  removed  using  an  efficient  frac¬ 
tionating  column;  the  residue  was  vacuum  distilled  twice.  The  yield  was  0.8  g  (1.8*7o).  The  b.p.  was  63-64" 

(5  mm),  np^®  1.4742,  d^^®  1.2337.  4-Chloromethylisoxazole  was  a  colorless,  mobile  liquid,  which  readily  dis¬ 
solved  in  ether,  alcohol,  chloroform  and  benzene;  it  was  weakly  lachrymatory  and  yellowed  on  standing. 

5- Phenyl-4-chloromethylisoxazole  was  prepared  by  method  a  from  28  g  of  5-phenylisoxazole  [17],  9  g  of 
paraformaldehyde  and  10  g  of  zinc  chloride  in  150  ml  of  dichloroethane.  The  hydrogen  chloride  was  passed  for 
2.5  hours  at  60-65"  and  then  the  reaction  mixture  boiled  for  3.5  hours.  The  solvent  was  removed  and  the  residue 
heated  on  a  boiling  water  bath  at  15  mm  for  one  hour  and  then  left  for  10-12  hours  at  10-15".  The  colorless 
crystals  formed  were  filtered  off.  The  mother  liquors  consisted  of  5-phenylisoxazole  and  a  small  amount  of 
chloromethyl  derivative  dissolved  in  it,  which  could  be  partially  isolated  by  freezing  out.  We  isolated  16  g  (57*7>) 
of  the  original  5-phenylisoxazole  and  11.5  g  (37*7o  calculated  on  the  phenylisoxazole  used  in  the  reaction)  of 
product  with  m.p.  51-52"  (from  alcohol). 

Found  Cl  18.63,  18.42.  CioHjONCl.  Calculated  *7«  Cl  18.30. 


•In  calculating  the  MRp,  the  ring-nitrogen  increment  was  taken  as  2.84,  as  in  all  work  in  this  series. 
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5 -Phenyl -4-chloromethyllsoxazole  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in  ether 
and  benzene,  more  difficultly  so  in  alcohol  and  insoluble  in  water. 

3.5- Dimethyl-4-hydroxymethylisoxazole.  A  mixture  of  14.5  g  of  3,5-dimethyl-4-chloromethylisoxazole 
and  38  g  of  freshly  precipitated  lead  oxide  in  100  ml  of  water  was  boiled  with  stirring  for  three  hours.  The  pre¬ 
cipitate  was  filtered  off,  the  filtrate  extracted  with  ether  in  an  extractor  and  the  ether  extracts  dried  over  sodium 
sulfate  and  evaporated  in  vacuum  without  heating.  The  crystals  formed  were  filtered  off  and  recrystallized  from 
ether,  when  they  had  m.p.  73-74*.  The  yield  was  8.5  g 

Found  la  C  56.80,  56.94;  H  7.45,  7.39.  CeHgOjN.  Calculated  C  56.68;  H  7.13. 

3.5 - Dimethyl-4 -hydroxymethylisoxazole  formed  colorless  crystals,  which  were  readily  soluble  in  water 
and  alcohol. 

5  -Methyl -4 -hydroxymetfiylisoxa zole  wa s  prepared  similarly  to  the  above  from  12  g  of  5-methyl-4-chloro- 
methylisoxazole  (isolated  after  distillation  on  a  column)  and  26  g  of  freshly  precipitated  lead  oxide.  After  evap¬ 
oration  of  die  ether,  the  residue  was  vacuum  distilled  twice.  The  yield  was  6.3  g  (60*70). 

B.p.  109*  (3  mm),  np*®  1.4835,  d^*®  1.1958,  MRp  27.04;  calc.  27.53. 

Found  %  C  53.41,  53.64;  H  6.52,  6.52.  CbHtOjN.  Calculated  ‘7fle  C  53.09;  H  6.24. 

5 -Methyl -4 -hydroxymethylisoxazole  was  a  colorless,  viscous  liquid  with  a  mintlike  smell.  It  was  readily 
soluble  in  water,  alcohol  and  ether. 

The  p-nitrobenzoate  was  prepared  from  0.55  g  of  5-methyl-4-hydroxymethylisoxazole  and  1.0  g  of  p-ni- 
trobenzoyl  chloride,  dissolved  in  pyridine,  which  was  heated  on  a  boiling  water  bath  for  20  minutes;  the  cooled 
reaction  mixture  was  poured  into  water.  The  crystals  formed  were  filtered  off  and  washed  with  sodium  hydroxide 
solution.  After  recrystallization  from  benzine  (90-100*),  the  substance  had  m.p.  125-126*. 

Found  *7*  C  55.21,  55.18;  H  3.90,  3.95.  C12H10O6N2.  Calculated  %  C  54.96;  H  3.81. 

3  -Methyl -4 -hydroxymethylisoxazole.  This  was  prepared  as  described  above  from  8.5  g  of  3-methyl-4- 
chloromethylisoxazole  and  18  g  of  freshly  precipitated  lead  oxide.  After  two  distillations,  we  obtained  5.1  g 
(70*5fc)  of  material. 

B.p.  100-101*  (1  mm),  n^*®  1.4839,  d^*®  1.1956,  MRp  27.09;  calc.  27.53. 

Found  %  C  52.81,  52.94;  H  6.35,  6.40.  C5H7OJN.  Calculated  C  53.09;  H  6.24. 

3 -Methyl -4-hydroxymethylisoxazole  was  a  viscous,  colorless  liquid  with  a  spicy  smell  and  was  readily 
soluble  in  water,  alcohol  and  ether.  The  p-nitrobenzoate  was  obtained  similarly  to  the  p-nitrobenzoate  of  5- 
methyl-4-hydroxymethylisoxazole,  described  above.  The  m.p.  was  130-132*  (from  benzine). 

Found  C  54.90,  54.78;  H  3.70,  3.75.  CijHioObN,.  Calculated  C  54.96;  H  3.81. 

3.5- Dimethylisoxazole-4-carboxylic  acid.  A.  20  ml  of  concentrated  sulfuric  acid  was  added  dropwise  to 
a  mixture  of  3.5  g  of  3,5 -dimethyl -4 -hydroxymethylisoxazole  and  10  g  of  potassium  bichromate  in  30  ml  of 
water.  The  inixture  was  heated  for  one  hour  on  a  boiling  water  bath,  5  g  of  ammonium  sulfate  added  and  the 
whole  shaken.  The  colorless  crystals  which  precipitated  were  filtered  off  and  washed  with  dilute  hydrochloric 
acid.  The  yield  was  3  g.  The  filtrate  was  extracted  with  ether  and  the  ether  evaporated  without  heating.  We 
obtained  an  extra  0.2  g  of  substance.  The  total  yield  was  3.2  g  (82%).  After  recrystallization  from  water  and 
benzene,  the  material  had  m.p.  141-142*. 

Found  <7(5  C  51.38.  51.24;  H  5.17,  5.10.  CeHTO^N.  Calculated  %:  C  51.06;  H  5.00. 

3,5-Dimethylisoxazole-4-carboxylic  acid  was  a  colorless,  crystalline  substance,  which  was  readily  soluble 
in  ether  and  alcohol. 

B.  50  ml  of  concentrated  sulfuric  acid  was  added  dropwise  to  a  mixture  of  7  g  of  3,5-dimethyl-4-chloro- 
methylisoxazole  and  30  g  of  potassium  bichromate  in  100  ml  of  water,  tfie  mixture  heated  up  and  boiled.  When 
the  boiling  ceased.  15  g  of  ammonium  sulfate  was  added.  The  crystals,  which  precipitated  after  cooling,  were 
filtered  off  and  washed  with  10% hydrochloric  acid.  The  yield  was  5  g  (73%).  After  recrystallization  from  water, 
the  substance  had  m.p.  141-142*.  A  mixed  melting  point  with  the  sample  prepared  by  method  A  was  not  de¬ 
pressed. 
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5 -Methylisoxazole -4 -carboxylic  acid.  This  was  prepared  by  method  A,  described  for  3,5-dimethylisoxazole- 
4-carboxylic  acid,  from  1.6  g  of  5-methyl-4-hydroxymethylisoxazole.  5  g  of  potassium  bichromate  in  20  ml  of 
water  and  12  ml  of  sulfuric  acid.  The  yield  was  1.7  g  (94%).  After  recrystallization  from  water,  the  substance 
had  m.p.  146-147*. 

Found  %:  C  47.00,  46.74;  H  4.07,  3.99.  CgHsOjN.  Calculated  %:  C  47.24;  H  3.88. 

5-Methylisoxazole-4-carboxylic  acid  formed  colorless  crystals,  which  were  readily  soluble  in  ether  and 
chloroform, 

3 -Methylisoxazole-4 -carboxylic  acid.  This  was  prepared  similarly  by  method  A  from  2  g  of  3-methyl-4- 
hydroxymethylisoxazole,  7  g  of  potassium  bichromate  in  25  ml  of  water  and  15  ml  of  sulfuric  acid.  The  yield 
was  2.2  g  (99%).  After  recrystallization  from  water  and  benzene,  the  substance  had  m.p.  121-122*. 

Found  %:  C  47.44,  47.25;  H  4.12,  4.00.  C5H5O3N.  Calculated  %c  C  47.24;  H  3.88. 

3 -Methylisoxazole -4 -carboxylic  acid  was  a  colorless,  crystalline  substance,  which  was  soluble  in  alcohol 
and  ether. 

5 -Phenylisoxazole -4 -carboxylic  acid.  This  was  prepared  by  method  B,  described  for  3,5-dimethylisoxazole- 

4-carboxylic  acid,  from  0.75  g  of  5-phenyl -4-chloromethylisoxazole,  1.7  g  of  potassium  bichromate  in  15  ml  of 
water  and  5  ml  of  sulfuric  acid.  The  substance  was  recrystallized  from  water  and  benzene.  The  m.p.  was  148  to 
149*.  The  yield  was  0.5  g  (68%). 

Found  %s  C  63.26;  H  3.85.  CioH^CjN.  Calculated  %t  C  63.49;  H  3.73. 

5 -Phenylisoxazole -4 -carboxylic  acid  was  a  colorless,  crystalline  substance,  which  was  readily  soluble  in 
alcohol  and  ether.  According  to  literature  data  [18],  the  m.p.  is  155-156*. 

The  filtrate  and  mother  liquors  from  recrystallization  did  nor  contain  other  isomeric  phenylisoxazolecar- 
boxyllc  acids. 

Oxidation  of  5 -phenyl-4 -chloromethylisoxazole  with  potassium  permanganate.  A  mixture  of  1.0  g  of  5- 
phenyl-4-chloromethylisoxazole  and  6.5  g  of  potassium  permanganate  in  50  ml  of  water  was  boiled  for  six  hours. 
The  manganese  dioxide  formed  was  filtered  off  and  the  filtrate  cooled,  evaporated  to  small  volume  and  acidified 
with  hydrochloric  acid.  The  acid  liberated  was  filtered  off  to  give  colorless  crystals  with  m.p,  121-121,5*  (from 
water).  ITie  yield  was  0.4  g  (65%).  A  mixed  melting  point  with  an  authentic  sample  of  benzoic  acid  was  not 
depressed.  Other  reaction  products  could  not  be  detected  in  the  mother  liquors  from  the  recrystallization.  Oxi¬ 
dation  of  the  mother  liquor,  left  after  separation  of  the  5 -phenyl -4 -chloromethylisoxazole  from  the  chloromethyl- 
ation  reaction  (see  above),  was  performed  similarly  and  yielded  benzoic  acid  (yield  80%)  with  m.p.  121-122*. 

SUMMARY 

1.  A  method  of  synthesizing  chloromethylisoxazoles  by  chloromethylating  the  corresponding  isoxazolqs  was 
developed.  It  was  shown  that  the  best  results  were  obtained  by  chloromethylation  with  paraformaldehyde  and 
hydrogen  chloride  in  the  presence  of  zinc  chloride  in  dichloroethane  and  chloromethylation  with  dichlorodim ethyl 
ether. 

2.  It  was  shown  that  the  ease  of  chloromethylation  in  the  isoxazole  series  increased  with  an  increase  in  the 
number  of  methyl  groups  in  the  nucleus. 

3.  It  was  shown  that  in  all  cases  when  position  4  in  the  isoxazole  nucleus  was  not  substituted,  the  chloro¬ 
methylation  reaction  occurred  at  this  position.  This  was  also  true  for  5 -phenylisoxazole. 

4.  A  method  was  developed  for  hydrolyzing  chloromethylisoxazoles  into  the  corresponding  alcohols  by 
heating  the  chlorides  with  an  aqueous  suspension  of  lead  oxide. 

5.  A  method  was  developed  for  direct  oxidation  of  substituted  chloromethylisoxazoles  into  the  correspond¬ 
ing  isoxazolecarboxylic  acids. 
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HETEROCYCLIC  COMPOUNDS 

63.  SYNTHETIC  ANALGESICS.  XXVI.  STEREOISOMERISM  OF  2, 5-DIMETHYL -4-PIPERIDOLS 
AND  1 -ACYL -2, 5 -DIMETHYL -4 -PHENYL -4-PIPERIDOLS 

I.N.  Nazarov,*  N.S.  Prostakov  and  N.N.  Mikheeva 


Continuing  our  investigations  in  the  series  of  l-alkyl-2,5-dimethyl-4-aryl-4-piperidols  and  their  esters, 
in  which  class  promedol,  isopromedol  and  a'promedol  belong  [1],  we  synthesized  the  analogs  of  these  piperidine 
alcohols  in  which  an  acyl  radical  was  substituted  on  the  nitrogen. 

We  abo  synthesized  the  stereoisomeric  2,5-dimethyl-4-phenyl-4-piperidob  and  were  able  to  convert  them 
to  the  earlier  described  stereoisomeric  1,2,5 -trimethyl-4 -phenyl-piperidob  [1]. 

We  obtained  2,5-dimetiayl-4-phenyl-4-piperidol  (II)  in  40%  yield  by  reacting  {rfienyllithium  with  2,5-di- 
methyl-4-piperidone  (I). 


H.,C 


C,H5Li 


-CII, 
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\/ 
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-GH 
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Of  the  four  theoretically  possible  stereoisomers  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  we  isolated  the 
y -isomer  and  the  a -isomer  in  crystalline  form.  The  third  isomer  of  piperidol  (H),  formed  in  the  indicated  re¬ 
action,  was  isolated  as  the  N -acetyl  derivative,  described  below. 

We  used  chromatography  on  aluminum  oxide  and  recrystallization  to  separate  the  mixed  stereoisomeric 
2,5-dimediyl-4-phenyl-4-piperidole. 

The  low-melting  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  constituted  approximately  85-90% 
of  the  total  mixture  of  crystalline  isomers.  When  methylated  with  either  formaldehyde  or  methyl  iodide  it  was 
converted  to  the  y-isomer  of  1, 2, 5-trimetfiyl -4-phenyl -4-piperidol  (III),  which  is  abo  obtained  as  the  main 
product  when  [rfienyllithium  is  reacted  with  l,2,5-trimethyl-4-piperidone  [1]. 

The  meihylation  of  the  a -isomer  of  2,5 -dimethyl-4 -phenyl -4 -piperidol  (II)  gave  the  a -isomer  of  piperi¬ 
dol  (III). 

In  the  present  paper  we  abo  used  chromatography  to  separate  the  mixed  stereoisomeric  l,2,5-trimethyl-4- 
phenyl-4-piperidole  (III).  Here  it  was  found  that  aluminum  oxide  displays  a  different  adsorption  capacity  toward 
the  stereoisomeric  piperidob  (II)  and  (III).  For  both  l,2,5-trimethyl-4-phenyl-4-piperidol  and  2,5-dimethyl-4- 
phenyl-4 -piperidol  the  stereoisomeric  alcohob,  adsorbed  by  aluminum  oxide,  are  eluted  by  chloroform  in  the 
following  order:  y,fl-,  and  then  the  a -isomer  (the  6 -isomer  was  isolated  in  the  case  of  separating  the  mixed 
stereoisomeric  1,2,5 -trimethyl-4-phenyl -4 -piperidob). 


*  Deceased. 
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The  y-  and  a-isomers  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  when  dehydrated  With  701ifc  sulfuric  acid 
give  the  same  product,  namely  2,5-dimethyl-4-phenyl-l,2,3,6-tetrahydropyrldine  (IV),  which  on  methylation  is 
converted  to  l,2,5-trImethyl-4-phenyl-l,2,3,6-tetrahydropyridine  (V).  The  latter  is  also  formed  when  either  the 
y-  or  the  a-isomer  of  1,2,5 -trimethyl-4 -phenyl -4-piperidol  (III)  is  dehydrated. 


In  tfiis  manner  we  obtained  the  following  in  yields  up  to  85<)te  (VI)  1-acetyl-,  (VII)  l-jwopionyl-,  (VIII) 

1 -benzoyl-,  (DC)  1-dIeihylaminoacetyl-,  (X)  l-methykulfonyl-  and  (XI)  l-benzenesulfonyl-2,5-dimethyl-4- 
phenyl-4-piperidol. 

The  acetylation  of  the  y-isomer  of  2,5-dimediyl-4-phenyl-4-piperidol  (II)  gave  the  y-isomer  of  1-acetyl- 
2, 5 -dimethyl-4 -phenyl -4-piperidol  (VI),  while  from  the  a-isomer  of  piperidol  (II)  we  obtained  the  a-isomer  of 
piperidol  (VI).  Besides  these  two  stereoisomeric  piperidols  (VI),  we  also  obtained  a  third  isomer  of  l-acetyl-2,5- 
dimethyl-4-phenyl-4-piperIdol  when  we  reacted  l-acetyl-2,5-dimethyl-4-phenyl-4-piperidone  (XII)  with  eitiier 
phenylmagnesium  bromide  or  phenyllithium. 
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(I)  with  phenyllithium,  was  acetylated.  The  y-isomer  of  l-diethylaminoacetyl-2,5-dimethyl-4-phenyl-4-piper- 
Idol  (DC)  was  obtained  by  the  acylation  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  with  chloroacetyl 
chloride,  followed  by  reaction  of  the  1 -chloroacetyl-2, 5 -dimethyl -4-piperidol  (XIV)  formed  with  diethylamine. 


C1CH,C0C1 


CgHg  OH 
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The  y -isomers  of  1 -acetyl-  and  l-propionyl-2,5-dimethyl-4-phenyl-4-piperidol  when  treated  with  dry 
hydrogen  chloride  in  either  dioxane  or  ether  solution  are,  respectively,  converted  to  the  hydrochlorides  of  the 
acetic  (XV)  and  propionic  (XVI)  esters  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidoL  The  latter  in 
weakly  alkaline  media  are  reconverted  to  the  original  piperidols  (VI)  and  (VII)  [2]. 
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(XV)  R  =  CH„  (XVI)  R  =  C,H. 


The  hydrochlorides  of  the  acetate  (XV)  and  propionate  (XVI)  of  2,5-dimethyl-4-phenyl-4-piperidol  are 
inactive  as  analgesics. 

The  absence  of  analgesic  activity  when  an  N -methyl  radical  is  replaced  by  hydrogen  also  occurs  in  other 
series  of  synthetic  analgesics  [3].  The  a-isomer  of  l-acetyl-2, 5-dimethyl -4-phenyl-4-piperidol  (VI)  under  the 
same  conditions  (treatment  with  hydrogen  chloride  in  dioxane)  is  not  converted  to  the  hydrochloride  of  the  ace¬ 
tate  of  the  a-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol,  but  instead  gives  the  same  hydrochloride  of  the  ace¬ 
tate  of  the  y-isomer  (XV)  described  above,  which  when  treated  with  aqueous  soda  solution  is  oonverted  to  the 
y-isomer  of  1-acetyl -2, 5-dimethyl-4-phenyl -4-piperidol  (VI). 

A  similar  change  in  the  configuration  of  the  a-isomer  to  that  of  the  corresponding  y-isomer  was  also  ob¬ 
served  by  us  in  the  replacement  of  the  hydroxyl  group  in  piperidols  (VI)  by  bromine.  Both  of  the  stereoisomeric 
alcohols  (VI)  when  reacted  with  acetyl  bromide  [4]  give  the  same  y-isomer  of  1-acetyl -2, 5-dimethyl-4-phenyl- 
4-bromopiperidine  (XVII). 

The  bromo  derivative  (XVII)  is  easily  debrominated  to  give  l-acetyl-2, 5-dimethyl-4-phenyl-l, 2,3, 6-tetra- 
hydropyridine  (XVIII).  The  latter  was  also  obtained  by  the  acetylation  of  2,5-dimethyl-4-phenyl-l,2,3,6-tetra- 
hydropyridine  (IV),  described  above.  The  bromination  of  l-acetyl-2, 5-dimethyl-4-phenyl-l, 2,3, 6-tetrahydro- 
pyridine  gave  l-acetyl-2, 5-dimethyl-4-phenyl-4,5-dibromopiperidine  (XIX)  in  87‘)() yield. 

The  obtained  results  make  it  possible  to  postulate  that  the  y-  and  a-isomers  of  piperidole  (II),  (III)  and  (VI) 
belong  to  the  same  series  of  trans-piperidones  (starting  products  in  their  synthesis)  and  differ  among  themselves 
in  the  position  of  the  phenyl  radical  and  hydroxyl  group  on  the  fourth  carbon  atom;  here  the  more  stable  y  -form 
corresponds  to  a  trans-position  of  the  methyl  groups  and  a  trans-position  of  the  phenyl  radical  with  respect  to  the 
methyl  group  found  on  carbon  5  of  the  piperidine  ring.  In  like  manner  the  a -form  corresponds  to  a  trans -position 
of  the  methyl  groups  and  a  cis-position  of  the  phenyl  radical  with  respect  to  the  same  methyl  group. 
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EXPERIMENTAL 

2,5-Dimethyl-4~phenyl-4-piperidol  (II).  a)  Phenyllithium  was  obtained  from  57  g  of  lithium  and  650  g  of 
bromobenzene  in  1000  ml  of  absolute  ether.  Then  150  g  of  2,5 -dimethyl -4-pi peridone  (I)  was  added  dropwise 
in  three  hours.  The  reaction  mixture  was  stirred  for  another  hour  at  room  temperature,  and  then  it  was  decom¬ 
posed  with  water  and  hydrochloric  acid  (first  with  200  ml  of  water,  then  with  200  ml  of  l%°]o  hydrochloric  acid, 
and  finally  with  300  ml  of  concentrated  hydrochloric  acid).  The  water  layer  was  treated  with  potassium  hydrox¬ 
ide  (excess).  The  organic  bases  that  separated  were  extracted  with  ether,  then  dried  over  sodium  sulfate,  and 
finally  vacuum -distilled.  The  following  fractions  were  collected:  1st,  74-199*  (3  mm),  29  g;  2nd,  110-160* 

(3  mm),  93.8  g;  3rd,  160-180*  (3  mm),  35.3  g;  residue  46  g. 

We  obtained  25  g  of  starting  2,5 -dimethyl-4 -pi peridone  (I)  from  the  first  fraction.  The  second  and  third 
fractions  were  dissolved  in  gasoline.  The  solutions  on  cooling  to  room  temperature  deposited  crystals.  After  the 
first  crops  of  crystals  were  removed  the  moflier  liquors  were  evaporated  to  give  a  second  crop  of  crystals,  which 
were  recrystallized  from  gasoline.  We  obtained  38  g  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II) 
with  m.p.  121-122*. 

Found  N  6.59,  6.61.  CnHi^ON.  Calculated  ^  N  6.84. 

In  addition,  we  also  isolated  another  4.6  g  of  the  a -isomer  of  2,5-dimethyl -4-phenyl-4-piperidol  (II)  with 
m.p.  163-166*. 

Found  N  7.18,  7.03.  CoH^ON.  Calculated  °k  N  6.84. 

A  noncrystallizing  oil  remained  after  removal  of  the  crystalline  piperidols  (II). 
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b)  A  mixture  of  the  stereoisomers  of  2.5 -dimethyl-4 -phenyl-4-piperidol  (II)  was  obtained  as  described 
above.  For  the  reaction  we  took  19  g  of  lithium,  225  g  of  bromobenzene,  50  g  of  2,5-dimethyl-4-piperidone 
and  500  ml  of  absolute  ether.  Fractional  distillation  of  the  principal  reaction  products  in  vacuo  gave  6  g  of  un¬ 
reacted  2.5-dimethyl-4-piperidone  (I)  (b.p.  40-93°  at  4  mm),  36.9  g  of  mixed  piperidole  (II)  (b.p.  138-185”  at 
3  mm),  and  6.3  g  of  residue.  Recrystallization  of  the  mixed  piperidols  (11)  from  gasoline  gave  15.2  g  of  crystals 
with  m.p.  104-111”,  and  21.7  g  of  noncrystallizing  residue.  A  chloroform  solution  of  3  g  of  the  crystals  with  m.p. 
104-111”  was  passed  through  a  column  containing  aluminum  oxide  (the  column  height  was  90  cm  and  the  diam¬ 
eter  was  1.5  cm).  For  elution  we  first  used  chloroform,  and  then  methanol.  We  obtained  2.3  g  of  the  y -isomer 
of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  with  m.p.  121-122”  and  0.4  g  of  the  a-isomer  with  m.p.  164-166”. 

The  y -isomer  is  eluted  with  chloroform  and  is  found  in  the  first  portions  of  the  solvent,  while  the  a-isomer  is 
eluted  with  methanol  toward  the  end  of  chromatographing. 

Separation  of  mixed  stereoisomeric  l,2.5-trimethyl-4-phenyl-4-piperidole  (111)  using  chromatographing 
on  aluminum  oxide.  The  mixture  of  stereoisomeric  l,2,5-trimethyl-4-phenyl-4-piperidols  (Ill)  was  obtained 
by  the  procedure  described  in  previous  communications  [1].  For  the  reaction  we  took  50  g  of  lithium,  565  g  of 
bromobenzene,  423  g  of  l,2,5-trimethyl-4-piperidone  and  800  ml  of  ether.  Fractional  distillation  of  the  princi¬ 
pal  reaction  products  in  vacuo  gave  43  g  of  starting  1,2,5 -trimethyl-4-piperidone  (b.p.  54-56*  at  3.?  mm),  470  g 
of  mixed  piperidols  (Ill)  (b.p.  136-138”  at  2.5  mm),  and  70  g  of  residue. 

Recrystallization  of  the  mixed  piperidols  (III)  from  gasoline  gave  210  g  of  the  y -isomer  of  1,2,5-trimethyl- 
4 -phenyl-4 -piperidol  with  m.p.  107-108”,  173  g  of  crystals  with  m.p.  68-76”,  and  85  g  of  a  noncrystallizing  resi¬ 
due. 


a)  A  chloroform  solution  of  4  g  of  the  crystals  with  m.p.  68-76“  was  passed  through  a  column  containing 
aluminum  oxide  (height  of  lower  part  of  column  80  cm,  diameter  1.5  cm,  height  of  upper  part  of  column  10  cm, 
diameter  2.5  cm,  aluminum  oxide  160  g).  For  elution  we  first  used  chloroform,  and  then  methanol.  We  obtained 
2.2  g  of  the  y -isomer  with  m.p,  105-107”  (after  washing  with  gasoline  and  drying  in  a  desiccator),  and  1.3  g  of 
the  a-isomer  of  1,2,5 -trimethyl -4-phenyl-4 -piperidol  (III)  with  m.p.  103-105”  (recrystallization  from  gasoline). 
The  y -isomer  is  eluted  with  chloroform  and  is  found  in  the  first  portions  of  solvent,  while  the  a-isomer  is  eluted 
with  methanol  toward  the  end  of  chromatographing. 

b)  A  chloroform  solution  of  20  g  of  the  noncrystalline  mixture  of  piperidols  (III)  was  passed  through  a  col¬ 
umn  filled  with  aluminum  oxide  (height  of  the  lower  part  of  the  column  100  cm,  diameter  1.5  cm,  height  of  the 
upper  part  of  the  column  40  cm,  diameter  2.5  cm,  aluminum  oxide  280  g).  The  elution  was  run  as  described 
above,  first  with  chloroform,  and  then  with  methanol. 

The  following  fractions  were  obtained  in  the  order;  0.9  g  of  the  y-isomer  with  m.p.  105-107,5”,  4.4  g  of 
the  6 -isomer  with  m.p.  96-102”,  0.6  g  of  crystals  wilfi  m.p.  118-120”,  and  8.6  g  of  the  a-isomer  of  1,2, 5-tri- 
methyl -4-phenyl-4-piperidol  with  m.p.  105-107”.  The  a-isomer  was  eluted  toward  the  end  of  chromatographing 
with  methanol.  The  melting  points  (and  also  the  weights)  were  determined  after  each  eluted  fraction  had  been 
recrystallized  from  gasoline, 

Methylation  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol.  a)  A  mixture  of  0.5  g  of  the  y-iso¬ 
mer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  (m.p,  121-122”)  and  0.6  g  of  formalin  was  heated  in  a  sealed  am¬ 
poule  at  130-140”  for  four  hours.  The  reaction  mass  was  dissolved  in  10  ml  of  water  and  then  treated  with  po¬ 
tassium  hydroxide.  The  organic  bases  that  separated  here  were  extracted  with  ether.  After  drying  over  sodium 
sulfate  and  removal  of  the  ether  by  distillation  we  obtained  0.6  g  of  residue,  which  crystallized  when  gasoline 
was  added.  We  obtained  0.5  g  of  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (III)  with  m.p.  107-108”, 
which  did  not  depress  the  melting  point  when  mixed  with  an  authentic  specimen  of  this  alcohol. 

b)  A  solution  of  1  g  of  the  y-isomer  of  2, 5-dimethyl-4-phenyl-4 -piperidol  (II)  in  30  ml  of  anhydrous 
benzene  was  treated  with  3.5  g  of  methyl  iodide.  Here  an  oil  deposited  on  the  bottom  of  the  flask.  The  mixture 
was  heated  for  five  hours  at  benzene  boil.  The  benzene  was  decanted,  while  the  residue  was  dried  in  a  desiccator 
(1.8  g).  Recrystallization  of  the  residue  from  alcohol  gave  0.5  g  of  the  methiodide  of  the  y-isomer  of  1,2,5- 
trimethyl-4-phenyl -4 -piperidol  with  m.p.  217-221”,  which  did  not  depress  the  melting  point  when  mixed  with 
the  methiodide,  obtained  directly  from  the  y-isomer  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (III)  and  methyl 
iodide. 
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Methylation  of  the  g -isomer  of  2,5 -dimethyl-4 -phenyl -4 -piperidol.  For  reaction  we  took  0.5  g  of  the  a- 
isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  (m.p.  163-166”)  and  0.6  g  of  formalin.  Tire  reaction  was  mn 
as  described  above.  We  obtained  0.4  g  (after  two  recrystallizations  from  gasoline)  of  the  a -isomer  of  1,2,5 -tri- 
methyl-4-phenyl-4-piperidol  (III)  with  m.p.  106-107”.  The  mixed  melting  point  with  the  authentic  specimen 
was  not  depressed. 

2.5- Dimethyl-4-phenyl-l,2,3,6-tetrahydropyridine  (IV).  a)  A  mixture  of  1.5  g  of  the  y-isomer  of  2,5-di- 
methyl-4-phenyl-4-piperidol  (II)  with  m.p.  121-122”,  4  g  of  lO^o  sulfuric  acid  and  0.3  g  of  fused  copper  sulfate 
was  heated  on  the  boiling  water  bath  for  4.5  hours.  The  mixture  was  diluted  with  20  ml  of  water  and  then  cau¬ 
tiously  treated  with  soda  until  completely  saturated.  The  free  base  was  extracted  with  ether,  and  after  drying 
over  sodium  sulfate,  was  vacuum -distilled.  We  obtained  1.1  g  of  2,5-dimethyl-4-phenyl-l,2,3,6-tetrahydro- 
pyridine  (IV)  with  b.p.  93”  (2.5  mm). 

The  picrate  had  m.p.  138-141*  (from  alcohol). 

Found  N  13.78,  13.35.  Calculated  %  N  13.46. 

The  hydrochloride  of  2,5 -dimethyl -4-phenyl-l, 2, 3, 6-tetrahydropyridine  had  m.p.  143-145”  (from  acetone). 

Found  N  6.59,  6.56.  CijHi^Cl.  Calculated  %  N  6.26. 

b)  A  mixture  of  0.5  g  of  thea-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  (m.p.  163-166”),  1.5  g 
of  10'^  sulfuric  acid  and  0.1  g  of  fused  copper  sulfate  was  heated  at  90-95”  for  five  hours.  The  mixture  was  di¬ 
luted  with  water  and  then  carefully  treated  with  soda  until  saturated.  The  free  base  was  extracted  with  ether 
and  then  dried  over  sodium  sulfate.  Removal  of  the  ether  by  distillation  left  0.3  g  of  a  mobile  liquid,  from  which 
a  picrate  with  m.p.  141-143”  (from  alcohol)  and  a  hydrochloride  with  m.p.  144-145”  (from  acetone)  were  ob¬ 
tained.  The  respective  mixtures  of  the  obtained  picrate  and  hydrochloride  with  the  picrate  and  hydrochloride  of 

2, 5-dimethyl-4-phenyl-l, 2, 3, 6-tetrahydropyridine,  obtained  from  the  y-isomer  of  2,5 -dimethyl-4 -phenyl -4- 
piperidol,  failed  to  show  a  melting  point  depression. 

1. 2. 5- Trimethyl-4-phenyl-l, 2,3, 6-tetrahydropyridine  (V).  a)  A  mixture  of  2  g  of  the  a  -isomer  of  1, 2,5- 
trimethyl -4-phenyl-4-piperidol  (III)  (m.p.  106-107”),  4  g  of  70*54)  sulfuric  acid  and  0.5  g  of  fused  copper  sulfate 
was  heated  at  90-95”  for  five  hours.  The  mixture  was  diluted  with  20  ml  of  water  and  then  carefully  treated  with 
soda  until  completely  saturated.  The  free  base  was  extracted  with  etlier,  and  after  drying  over  sodium  sulfate, 
was  vacuum -distilled.  We  obtained  1.3  g  of  l,2,5-trimethyl-4-phenyl-l,2,3,6-tettahydropyridine  (V)  with  b.p. 

85*  (2.5  mm),  n^^^  1.5479.  The  picrate  had  m.p.  126-128”  (from  alcohol),  and  failed  to  depress  the  melting 
point  when  mixed  with  the  picrate  of  the  dehydration  product  obtained  from  the  y-isomer  of  1,2,5 -trimethyl-4 - 
phenyl-4-piperidol  [5]. 

b)  A  mixture  of  3  g  of  the  y-isomar  of  l,2,5-trimethyl-4-phenyl-4-piperidol  (III)  (m.p.  107-108”)  and  10 
ml  of  concentrated  hydrochloric  acid  was  heated  at  90-95*  for  three  hours.  The  acid  was  removed  by  vacuum - 
distillation.  The  glassy  residue  was  dissolved  in  water.  To  obtain  the  free  base  the  water  solution  was  treated 
with  soda,  but  the  addition  of  the  soda  gave  a  floating  oil  layer,  which  proved  to  be  insoluble  in  both  saturated 
aqueous  soda  solution  and  in  ether.  Only  after  vigorous  stirring  for  a  long  time  with  a  large  excess  of  soda  did 
the  oil  layer  disappear  and  the  product  become  soluble  in  ether.  From  the  latter  we  isolated  1.8  g  of  1,2,5-tri- 
methyl-4-phenyl-l, 2, 3, 6-tetrahydropyridine  (V)  with  b.p.  92-94”  (3  mm).  It  was  converted  to  the  picrate,  which, 
the  same  as  the  authentic  specimen  [5],  had  m.p.  126-128”. 

c)  A  mixture  of  1.5  g  of  2, 5-dimethyl-4-phenyl-l, 2, 3, 6-tetrahydropyridine  (IV)  and  1.8  g  of  formalin  was 
heated  in  a  sealed  ampoule  for  four  hours  at  130-140”.  The  mixture  was  diluted  with  20  ml  of  water  and  then 
carefully  treated  with  potassium  hydroxide  until  completely  saturated.  The  free  base  was  extracted  with  ether, 
and  after  drying  over  sodium  sulfate,  was  vacuum -distilled.  We  obtained  0.9  g  of  l,2,5-trimethyl-4-phenyl- 
1,2,3,6-tettahydropyridine  (V)  with  b.p.  85*  (2.5  mm).  The  picrate  had  m.p.  126-128”  (from  alcohol),  and  did 
not  depress  the  melting  point  when  mixed  with  the  picrate  of  the  dehydration  product  obtained  from  the  y-isomer 
of  l,2,5-trimethyl-4-phenyl -4 -piperidol. 

l-Acetyl-2,5-dimehiyl-4 -phenyl -4-piperidol  (VI).  a)  Acetylation  of  the  y-isomer  of  2,5-dimethyl-4- 
phenyl -4 -piperidol.  A  solution  of  1.8  ml  of  acetic  anhydride  in  5  ml  of  benzene  was  cautiously  added  with  cool¬ 
ing  to  a  mixture  of  3  g  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (m.p.  121-122”)  and  10  ml  of  an¬ 
hydrous  benzene.  The  reaction  mixture  was  heated  for  one  hour  at  benzene  boil.  The  excess  acetic  anhydride. 
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benzene  and  acetic  acid  were  removed  by  distillation  under  a  slight  vacuum.  The  residue  crystallized  when  ab¬ 
solute  ether  was  added.  The  crystals  were  filtered  and  dried:  weight  3.1  g.  m.p.  104-106“.  Two  recrystalliza¬ 
tions  from  gasoline  gave  2.8  g  of  the  y-isorner  of  l-acetyl-2,5-dimethyl-4-phenyl-4-piperidol  (VI)  with  m.p. 
108-110“. 

Found  N  5.86,  5.65.  CJ5H21O2N.  Calculated  ‘)tc  N  5.67. 

b)  Acetylation  of  the  a -isomer  of  2,5 -dimethyl -4-phenyl-4-piperidol.  For  reaction  we  took  1  g  of  the 
a -isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (m.p.  163-166“),  1.3  ml  of  acetic  anhydride  and  10  ml  of  an¬ 
hydrous  benzene.  A  precipitate  was  obtained, when  the  mixture  was  heated  for  1.5  hours  on  the  water  bath,  which 
was  filtered  and  washed  well  with  benzene.  We  obtained  1.1  g  of  crystals  with  m.p.  199-201“.  After  recrystal¬ 
lization  from  benzene  the  a-isomer  of  l-acetyl-2,5-dimethyl-4-phenyl-4-piperidol  (VI)  melted  at  200-202“. 

Found  %  N  5.64,  5.39.  Ci5H2i02N.  Calculated  N  5.67. 

c)  Phenylrnagnesium  bromide,  prepared  from  6  g  of  magnesium  and  36  g  of  bromobenzene  in  350  ml  of 
ether,  was  added  in  two  hours  to  a  solution  of  35  g  of  1 -acetyl-2,5 -dimethyl-4-piperidone  (XII)  (m.p.  60-61“) 
in  200  ml  of  absolute  ether.  The  next  day,  after  heating  for  one  hour,  the  reaction  mixture  was  treated  under 
cooling  with  ISO  ml  of  saturated  ammonium  chloride  solution.  The  ether  layer  was  separated.  In  approximately 
an  hour  11.7  g  of  a  crystalline  precipitate,  with  m.p.  173-176“,  deposited  from  the  ether  layer.  Recrystallization 
of  the  precipitate  from  anhydrous  alcohol  gave  the  third  stereoisomeric  form  of  l-acetyl-2,5-dimethyl-4-phenyl- 
4-piperidol  (VI)  with  m.p.  179-180“. 

Found  loi  N  5.60,  5.98.  Ci5H2i02N.  Calculated  N  5.67. 

Treatment  of  the  water  layer,  saturated  with  ammonium  chloride,  with  caustic,  followed  by  extraction 
with  ether,  and  distillation  of  the  extracted  products  in  vacuo  gave  10.4  g  of  a  viscous  liquid  with  b.p.  117-119“ 
(2.5  mm),  which  crystallized  in  the  receiver.  Recrystallization  from  ether  gave  9.2  g  of  the  starting  1 -acetyl- 

2. 5- dimethyl -4-piperidone  (XII)  with  m.p.  56-58“. 

In  the  experiments  where  either  phenylrnagnesium  bromide  or  phenyllithium  was  reacted,  not  with  the  pure 
stereoisomer  of  1 -acetyl-2,5 -dimethyl -4-piperidone  with  m.p.  60-61“,  but  instead  with  the  mixture  of  stereo¬ 
isomeric  piperidones  (XII),  the  same  isomer  of  1 -acetyl-2, 5-dimethyl-4-phenyl-4-piperidol  with  m.p.  179-180“ 
was  obtained. 

d)  The  synthesis  of  2,5 -dimethyl -4 -phenyl -4 -piperidol  (II)  from  2,5-dimethyl-4-piperidone  (I)  and  phenyl¬ 
lithium  was  described  in  the  first  experiment.  A  noncrystallizing  oil  remains  after  the  crystalline  y-  and  a- 
isomers  of  piperidol  (II)  have  been  removed  from  the  reaction  products.  A  benzene  solution  of  this  residue 
(11.2  g)  was  heated  for  one  hour  with  16.3  g  of  acetic  anhydride.  The  benzene  and  acetic  anhydride  were  re¬ 
moved  by  distillation  under  a  slight  vacuum,  and  the  residue  was  dissolved  in  absolute  ether.  After  standing  for 
some  time  the  ether  solution  deposited  0.4  g  of  crystals  with  m.p.  170-174*.  which  after  recrystallization  from 
benzene  melted  at  188-179*,  and  failed  to  depress  the  melting  point  when  mixed  with  the  above-described  speci¬ 
men  of  l-acetyl-2,5-dimethyl-4-phenyl-4-piperidol  (VI). 

y-Isomer  of  l-propionyl-2,5-dimethyl-4-phenyl-4-piperidol  (VII).  A  solution  of  1  g  of  the  y-isomer  of 

2.5- dimethyl-4-phenyl-4-piperidol  (II)  in  10  ml  of  anhydrous  benzene  was  treated  with  1.4  ml  of  propionic  an¬ 
hydride.  The  mixture  was  heated  for  one  hour.  The  benzene  and  excess  propionic  anhydride  were  vacuum -dis¬ 
tilled.  The  residue  was  recrystallized  from  ether.  We  obtained  0.7  g  of  the  y-isomer  of  l-propionyl-2,5-di- 
methyl-4-phenyl-4-piperidol  (VII)  with  m.p.  81-83". 

Found  N  5.43,  5.57.  C16H23O2N.  Calculated  ‘7ot  N  5.36. 

When  a  mixture  of  2  g  of  the  hydrochloride  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (m.p. 
210-211*),  30  ml  of  propionic  anhydride  and  2  ml  of  propionyl  chloride  was  heated  on  the  boiling  water  bath  for 
ten  hours  we  obtained  1.6  g  of  l-propionyl-2,5-dimethyl-4-phenyl-l,2,3,6-tetrahydropyridine  as  a  viscous  liquid 
with  b.p.  173-174“  (2.5  mm),  np*®  1.5562. 

Found  °]ai  N  6.15,  6.09.  C16H21ON.  Calculated  N  5.76. 

1 -Benzoyl-2,5 -dimethyl-4-phenyl-4-piperidol  (Vni).  Benzoyl  chloride  (5.8  g)  was  added  gradually,  with 
cooling  and  stirring,  to  5  g  of  the  y-isomer  of  2,5 -dimethyl -4-phenyl-4-piperidol  (II)  and  a  solution  of  6  g  of 
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sodium  hydroxide  in  15  ml  of  water.  The  mixture  was  stined  for  four  hours  at  room  temperature,  and  then  ex¬ 
tracted  four  times  with  50  ml  portions  of  ether.  The  reaction  product  after  drying  was  vacuum -distilled.  We 
obtained  2  g  of  a  substance  with  b.p.  198"  (2.5  mm),  which  crystallized  when  gasoline  was  added.  Recrystalliza¬ 
tion  from  acetone  gave  1.5  g  of  the  y-isomer  of  l-benzoyl-2,5-dimethyl-4-phenyl-4-piperidol  (VIII)  with  m.p. 
187.5-188*. 

Found  ’’ht  N  4.33,  4.69.  C2oIl2sQjN.  Calculated  N  4.53. 

b)  A  solution  of  70  g  of  mixed  stereoisomeric  l-benzoyl-2,5-dimethyl-4-piperidones  (XIII)  in  200  ml  of 
etiier  was  added  in  four  hours,  with  cooling  and  vigorous  stirring,  to  the  phenylmagnesium  bromide  obtained  from 
9  g  of  magnesium  and  52  g  of  bromobenzene  in  700  ml  of  ether.  A  copious  white  precipitate  was  obtained.  Af¬ 
ter  heating  at  ether  boil  for  two  hours,  500  ml  of  water  was  added.  The  ether  layer  was  separated  and  dried  over 
sodium  sulfate.  The  residue  after  distilling  off  the  ether  was  vacuum -distilled.  The  following  fractions  were 
obtained:  first,  74-130"  (3  mm),  6  g;  second,  130-230*  (3  mm),  45.7  g;  third,  230-232"  (2.5  mm),  19  g;  resi¬ 
due  7  g. 

From  the  first  and  second  fractions,  which  crystallized  in  the  receivers,  we  isolated  8.7  g  of  one  of  the 
stereoisomeric  l-benzoyl-2,5-dimethyl-4-piperidones  (XIII)  with  m.p.  65.5-67.5*.  From  the  third  fraction  by 
recrystallization  from  benzene  we  isolated  14  g  of  1 -benzoyl-2,5 -dimethyl -4-phenyl -4 -piperidol  (VIII)  with 
m.p.  89-94*. 

Found  '’h  N  3.94,  4.16.  C20H2SO2N.  Calculated  N  4.53. 

y -Isomer  of  1 -diethy laminoacetyl-2, 5 -dimethyl -4-phenyl-4-piperidol  (DC).  A  solution  of  2  g  of  chloro- 
acetyl  chloride  in  50  ml  of  benzene  was  added  with  stirring  to  a  cooled  to  0*  solution  of  7.5  g  of  the  y-isomer 
of  2,5-dimethyl-4-phenyl-4-piperidol  (II)  in  100  ml  of  anhydrous  benzene.  The  mixture  was  stirred  for  1.5  hours 
at  room  temperature.  The  obtained  precipitate  was  filtered,  and  washed  well  on  the  filter  with  benzene.  We 
obtained  4  g  of  the  hydrochloride  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  with  m.p.  210-211* 
(from  a  mixture  of  acetone  and  alcohol). 

Found  °h\  N  5.20,  5.88.  Ci5H2o02NCl.  Calculated  N  5.79. 

Removal  of  the  solvent  from  the  mother  liquor  by  distillation  gave  4.8  g  of  l-chloroacetyl-2,5-dimethyl- 
4-phenyl-4 -piperidol  (XIV)  as  a  yellow  glass,  which  was  dissolved  in  15  ml  of  benzene  and  then  added  gradually 
to  5.7  g  of  diethy lamine  at  the  boiling  point  of  the  latter.  Then  the  mixture  was  heated  for  another  six  hours. 

The  benzene  was  distilled  off.  The  residue  was  dissolved  in  7  ml  of  water,  treated  with  sodium  hydroxide,  and 
extracted  with  ether.  Vacuum -distillation  of  the  extracted  products  gave  2.1  g  of  a  viscous  liquid  with  b.p. 
199-203*  (2.5  mm),  which  crystallized  when  gasoline  was  added.  We  obtained  colorless  fine-grained  crystals  of 
the  y-isomer  of  l-diethylaminoacetyl-2,5-dimethyl-4-phenyl-4-piperidol  (IX)  with  m.p.  136-139*. 

Found  ^0:  N  9.07,  8.78.  Ci9H3(,C)^N2.  Calculated  *70:  N  8.80. 

'  y-Isomer  of  l-methylsulfonyl-2,5-dimediyl-4-phenyl-4-piperidol  (X).  A  solution  of  0.5  g  of  methane- 
sulfonyl  chloride  in  10  ml  of  benzene  was  added  in  drops  to  a  cooled  solution  of  1.75  g  of  the  y-isomer  of  2,5- 
dimethyl-4-phenyl-4-piperidol  (II)  in  15  ml  of  anhydrous  benzene.  The  obtained  precipitate  (1.2  g)  of  the  hy¬ 
drochloride  of  piperidol  (II)  was  filtered  and  washed  with  benzene.  Removal  of  the  benzene  by  distillation  left 
0.55  g  of  l-methylsulfonyl-2,5-dimethyl-4-phenyl-4-piperidol  (X),  which  after  recrystallization  from  acetone 
had  m.p.  168-170*. 

Found  N  4.76,  4.95.  CUH21O3NS.  Calculated  °h'.  N  4.94. 

y-Isomer  of  l-benzenesulfonyl-2,5-dimethyl-4-phenyl-4-piperidol  (XI).  For  reaction  we  took  0.5  g  of 
the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (II),  1  g  of  12%  sodium  hydroxide  solution  and  2.5  g  of 
benzenesulfonyl  chloride.  The  mixture  was  heated  with  stirring  for  nine  hours  on  the  water  bath.  The  obtained 
precipitate  was  filtered  and  then  recrystallized  from  anhydrous  alcohol.  We  obtained  0.2  g  of  1-benzenesulfonyl- 
2,5-dimethyl-4-phenyl-4-pipetidol  (XI)  with  m.p.  127-129*. 

Found  %:  N  4.03,  4.02.  Ci9H230,NS.  Calculated  %:  N  4.06. 

Action  of  hydrogen  chloride  on  the  y-  and  g-isomers  of  l-acetyl(propionyl)-2,5-dimethyl-4-phenyl-4- 
piperidol.  a)  A  white  precipitate  was  obtained  when  dry  hydrogen  chloride  was  passed  into  a  solution  of  0.2  g 
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of  the  y-isomer  of  l-acetyl-2,5-climethyl-4-phenyl-4-pipericiol  (VI)  (m.p.  108-110")  in  absolute  etjier,  which 
after  recrystallization  from  acetone  gave  0.15  g  of  the  hydrochloride  of  the  acetate  of  the  y-isomer  of  2,5-di- 
methyl-4-phenyl-4-piperidol  (XV)  witli  m.p.  137-138*. 

Founder  Cl  12.13;  N  4.70,  4.80.  C15H22O2NCI.  Calculated  <70;  Cl  12.52;  N  4.93. 

A  water  solution  of  0.5  g  of  the  hydrochloride  of  the  acetate  of  2, 5 -dimethyl-4 -phenyl-4 -piperidol  (XV) 
was  treated  with  soda  and  ether.  From  the  ether  solution  after  drying  we  obtained  0.3  g  of  crystals  with  m.p. 
109-110",  which  failed  to  depress  the  melting  point  when  mixed  with  the  y-isomer  of  1 -acetyl -2,5 -dimethyl- 
4-i>henyl-4-piperidol  (VI). 

b)  A  stream  of  dry  hydrogen  chloride  was  passed  through  a  solution  of  4  g  of  the  y-isomer  of  1-propionyl- 
2,5-dimethyl-4-phenyl-4-piperidol  (VII)  (m.p.  81-83")  in  absolute  ether.  The  obtained  precipiute  of  the  hy¬ 
drochloride  of  tlie  propionate  of  the  y-isomer  of  2,5-dimethyl-4-phenyl-4-piperidol  (XVI),  after  recrystalliza¬ 
tion  from  acetone,  weighed  2.5  g  and  had  m.p.  125-126*. 

Found  <7o;  Cl  11.71;  N  4.30,  4.54.  C16H24O2NCI.  Calculated  Cl  11.93;  N  4.76. 

When  the  propionate  hydrochloride  (XVI)  in  aqueous  solution  was  treated  with  soda  it  reverted  to  the  y- 
isomer  of  l-propionyl-2,5-dimethyl-4-phenyl-4-piperidol  (VII)  with  m.p.  81-83*. 

c)  Dry  hydrogen  chloride  (4.3  g)  was  passed  into  a  hot  solution  of  0.8  g  of  the  a -isomer  of  l-acetyl-2,5- 
dimethyl-4-phenyl-4-piperidol  (VI)  (m.p.  200-202*)  in  80  ml  of  anhydrous  dioxane.  A  white  precipitate  de¬ 
posited  in  two  days,  which  after  recrystallization  from  acetone  gave  0.6  g  of  the  hydrochloride  with  m.p.  136-138* 
and  not  depressing  the  melting  point  when  mixed  with  the  hydrochloride  of  the  acetate  of  the  y-isomer  of  2,5- 
dimethyl -4 -phenyl-4 -piperidol  (XV).  A  water  solution  of  0.3  g  of  the  2,5-dimethyl-4-{rfienyl-4-piperidol  ace¬ 
tate  hydrochloride  (XV)  was  treated  with  soda  and  ether.  From  the  ether  solution  after  drying  we  obtained  0.1  g 
of  crystals  with  m.p.  108-109",  which  did  not  depress  the  melting  point  when  mixed  with  the  y-isomer  of  1- 
acetyl-2,5-dimethyl-4-phenyl-4-piperidol  (VI). 

l-Acetyl-2,5-dlmethyl-4-phenyl-4-bromo(chloro)-piperidine.  a)  The  y-isomer  of  l-acetyl-2,5-dimethyl- 
4-phenyl -4 -piperidol  (VI)  (m.p.  108-110")  (0.5  g)  was  dissolved  in  3.5  ml  of  freshly  distilled  acetyl  branide. 
Within  five  minutes  a  precipitate  of  the  hydrobromide  of  the  acetate  of  the  y-isomer  of  2,5-dimethyl-4-phenyl- 
4-piperidol  with  m.p.  130-130.5®  was  obtained  (0.3  g).  When  treated  with  an  aqueous  solution  of  soda  it  reverted 
to  the  original  y-isomer  of  piperidol  (VI).  Partial  removal  of  acetyl  bromide  from  the  mother  liquor,  remaining 
after  separation  of  the  acetate  hydrobromide,  led  to  obtaining  0,1  g  (after  recrystallization  from  acetone)  ofl- 
acetyl-2, 5 -dimethyl-4 -phenyl -4-bromopiperidine  (XVII)  with  m.p.  159-161®. 

Found ‘yo;  C  57.82,  58.13;  H  6.40,  6.44;  N  4.36,  4.42;  Br  26.13,  25.59.  CisHjoONBr.  Calculated 
C  58.01;  H  6.45;  N  4.51;  Br  25.80. 

b)  The  a -isomer  of  1 -acetyl-2,5 -dimethyl-4-phenyl-4-piperidol  (VI)  (m.p.  200-202")  (0.5  g)  was  dis¬ 
solved  in  3.5  ml  of  acetyl  bromide.  After  one  hour  the  excess  acetyl  bromide  was  vacuum -distilled.  From  the 
residue  after  two  recrystallizations  from  acetone  we  obtained  0.3  g  of  l-acetyl-2,5-dimethyl-4-phenyl-4-bromo- 
piperidine  (XVIII)  with  m.p.  153-154",  and  failing  to  depress  the  melting  point  when  mixed  with  the  same  product 
obtained  from  the  y-isomer  of  piperidol  (VI). 

c)  A  mixture  of  1  g  of  the  y-isomer  of  1 -acetyl-2,5 -dimethyl-4-phenyl-4-piperidol  (VI)  (m.p,  108-110") 
and  0.6  ml  of  acetyl  chloride  was  heated  in  benzene  solution  in  the  presence  of  0.2  g  of  magnesium  metal  for 
16  hours.  After  removal  of  the  solvent  and  acetyl  chloride  by  distillation, the  residue  was  washed  with  ether,  and 
then  recrystallized  from  benzene.  We  obtained  0.2  g  of  1 -acetyl-2,5 -dimethyl-4-phenyl-4-cIiloropiperidine  as 
colorless  crystals  with  m.p.  143-146".  It  failed  to  change  when  kept  in  the  air. 

Found  N  5.30.  5.43.  CjsHjoONCl.  Calculated  N  5.27. 

l-Acetyl-2,5-dimethyl-4 -phenyl-1, 2, 3, 6-tetrahydropyridine  (XVIII).  a)  A  water  solution  of  0.5  g  of  1- 
acetyl-2,5-dimethyl-4-phenyl-4-bromopiperidine  (XVII)  was  treated  first  with  8*70  soda  solution  and  then  with 
ether.  From  the  ether  extract,  after  drying  over  sodium  sulfate  and  removal  of  the  ether  by  distillation,  we  ob¬ 
tained  0.3  g  of  l-acetyl-2,5-dimethyl-4 -phenyl-1, 2, 3, 6-tetrahydropyridine  (XVIII)  as  colorless  crystals  with  m.p. 
65-67*  (from  gasoline). 
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Found  N  6.41,  6.08.  CisHgON. 


Calculated  ‘5?>: 


N  6.11. 


b)  A  mixture  of  1  g  of  2,5-dlmethyl-4-phenyl-l,2,3,6-tetrahydropyridine  (IV)  and  1.6  ml  of  acetic  anhy¬ 
dride  in  5  ml  of  anhydrous  benzene  was  heated  on  the  boiling  water  bath  for  1.5  hours.  The  acetic  anhydride 
was  vacuum -distilled,  and  the  residue  was  dissolved  in  water,  neutralized  with  soda  solution,  and  extracted  with 
etlier.  From  the  ether  solution  we  obtained  0.6  g  of  1 -acetyl -2,5-dimethyl -4-phenyl-l, 2, 3, 6-tetrahydropyridine 
(XVIII)  with  m.p.  67-78*  (from  gasoline),  which  did  not  depress  the  melting  point  when  mixed  with  the  above- 
described  specimen  of  this  product. 


l-Acetyl-2,5-dimethyl-4-phenyl-4,5-dibromoplpexidine  (XK).  A  solution  of  0.11  ml  of  bromine  in  5  ml 
of  carbon  tetrachloride  was  added  slowly  and  with  cooling  to  a  solution  of  0.5  g  of  l-acetyl-2,5-dfmethyl-l, 2,3,6- 
tetrahydropyridine  (IV)  in  10  ml  of  carbon  tetrachloride.  The  obtained  orange  precipitate  was  separated,  washed 
thorou^ly  with  gasoline,  and  dried.  We  obtained  0.5  g  of  l-acetyl-2,5-dimethyl-4-phenyl-4,5-dibromopiperi- 
dine  (XDC),  which  deliquesces  in  the  air.  The  compound  changed  to  an  oil  when  heated  to  38*. 

Found  N  3.28,  3.32.  CisHjjONBr.  Calculated  N  3.59. 


SUMMARY 

2,5-Dimetiiyl-4-phenyl-4-plperidol  was  synthesized.  From  the  corresponding  isomers  of  this  alcohol  we 
obtained  the  stereoisomeric  1,2, 5-trimethyl -4-phenyl -4-piperidols  and  l-acyl-2,5 -dimethyl -4-phenyl -4-piper- 
idols.  In  a  number  of  cases  (during  dehydration,  action  of  hydrogen  chloride,  treatment  with  acetyl  bromide) 
we  observed  a  conversion  of  the  a -isomer  of  the  piperidol  to  the  y -isomer. 
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ACETYLENE  DERIVATIVES 

CXCIV.  HYDRATION  OF  DIVINYL  ACETYLENE  AND  VINYLISOPROPENYLACETYLENE 

IN  ALCOHOL  SOLUTIONS 

I.N.  Nazarov,*  S.A.  Vartanian  and  S.G.  Matsolan 


Based  on  numerous  examples  it  was  shown  in  our  laboratory  that  divinylacetylenic  hydrocarbons,  when 
heated  in  aqueous  methanol  solution  in  the  presence  of  sulfuric  acid  and  mercuric  sulfate,  are  easily  hydrated 
with  the  formation  of  the  corresponding  dienones.  In  all  cases  the  water  adds  in  such  manner  that  the  oxygen  is 
found  on  the  carbon  atom  attached  to  the  substimted  vinyl  radical. 

It  was  established  that  the  hydration  rate  depends  on  the  structure  of  the  dienyne.  Divinylacetylene  itself 
and  the  symmetrically  substituted  dienynes  are  hydrated  with  the  greatest  difficulty.  The  introduction  of  one, 
and  especially  of  two, substituents  in  one  of  the  vinyl  radicals  of  the  dienyne  (not  symmetrical  substitution)  greatly 
accelerates  the  hydration  reaction.  The  hydration  rate  again  decreases  as  the  size  of  the  substituent  is  increased. 
The  dienones  formed  under  the  reaction  conditions  add  the  elements  of  methyl  alcohol  and  are  converted  to  6- 
m  ethoxy  ketones. 

R  R 

I  I 

R— CH=C— G^— CH=GH2  ->  R— GH=G— GO— GH=GH— GH3 
R  CHs 

I  I 

R— GH=G— GO— GHg— GH— OGH3 


The  addition  of  methyl  alcohol  proceeds  in  such  manner  that  the  methoxyl  group  is  always  found  in  the 
13 -position  to  the  carbonyl  group  [1]. 

It  seemed  of  interest  to  determine  if  it  was  possible  to  hydrate  dienynes  in  the  presence  of  other  alcohols, 
which  would  permit  obtaining  various  fl-alkoxy  ketones.  It  proved  that  depending  on  the  conditions  used, this 
reaction  leads  to  the  formation  of  either  the  corresponding  0-aIkoxy  ketones  or  to  tetrahydro-y-pyrones.  The 
ease  and  the  time  needed  to  hydrate  dienynes  also  depend  on  the  nature  of  the  alcohol;  the  hydration  rate  de¬ 
creases  with  branching  and  increase  in  the  molecular  weight  of  the  alcohol. 

The  corresponding  tetrahydro-y-pyrones  are  obtained  in  yield  when  divinylacetylene  and  vinylisopro- 
penylacetylene  are  heated  in  a  50-60*70  aqueous  solution  of  either  ethyl  or  methyl  alcohol,  in  the  presence  of 
mercuric  sulfate  and  sulfuric  acid  [1, 2]. 
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The  hydration  of  divinylacetylene  in  80 -SS^o  alcohol  solutions  gives,  together  with  pyrone  (I),  also  substan¬ 
tial  amounts  of  a  mixture  of  the  three  alkoxy  ketones  (II-IV). 
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HOCIIaClf,— CO— CH=CII— Cll;, 
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^  R OGl 1 2C Ho— CO— C H2— C I  i  — O  H 
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The  addition  of  alcohols  proceeds  more  rapidly  at  the  vinyl  radical  of  vinyl  propenyl  ketone,  and  in  ac¬ 
cordance  with  this  the  monomethoxy  ketones  (II)  are  formed  in  the  larger  amounts.  The  rate  with  which  alco¬ 
hols  (and  also  amines  and  other  compounds)  add  to  the  vinyl  radicals  of  a, 8 -unsaturated  ketones  decreases  in  the 
following  order: 


GH3  CII3  CM3 

I  I  I 

CH,=CH  >  GM3— CH=Cn  >  GM2=C  >  >C=CH  >  CII=C 

CM../ 


A  disubstimted  vinyl  group  proves  to  be  incapable  of  adding  alcohols  (even  methanol)  [3].  The  propenyl 
group  adds  alcohols  more  readily  than  does  the  isopropenyl  group,  while  the  unsubstituted  vinyl  group  shows  the 
easiest  additions  of  all. 


The  reaction  of  either  aqueous  methylamine  or  dimethylamine  solution  with  ketones  (I -IV)  yields,  as  the 
result  of  ammonolysis, either  l,2-dimethyl-4-piperidone  (V)  [4]  or  l,5-bis(dimethylamino)-3-hexanone  (VI). 

CM3  CM3 


\/ 

N 

0 

1 

II 

CM, 

/\ 

1 

GM2 

1  1 

CIIiNH,/ 

\(CII,>,NII 

1 

CO 

1 

^1,0 

y'  11,0 

N 

1 

^  (III) 

Gil* 

1 

GH3 

GM-GM3 

I 

N 

/\ 

CH3  CM, 

(V)  (VI) 


On  hydrolysis  with  10%  sulfuric  acid  the  alkoxy  ketones  (II-IV)  are  converted  to  2-methyltetrahydro-y - 
pyrone  (I). 

The  main  reaction  products  when  vinylisopropenylacetylene  [6]  is  hydrated  in  80-95%  alcohol  solutions  are 
the  corresponding  fl -alkoxy  ketones  (VII -IX). 

In  the  case  of  primary  alcohols  (methyl,  ethyl,  n -butyl)  a  mixture  of  all  three  alkoxy  ketones  (VII,  VIU, 

IX)  is  formed,  in  which  connection  the  low-boiling  monoalkoxy  ketones  (VII),  formed  as  the  result  of  the  alcohol 
adding  to  the  propenyl  group,  are  obtained  in  much  larger  amounts  than  the  isomeric  high -boiling  monoalkoxy 
ketones  (VIII),  formed  as  the  result  of  the  alcohol  adding  to  the  isopropenyl  group.  If  the  hydration  of  vinyliso¬ 
propenylacetylene  is  mn  in  isopropyl  alcohol  solution,  then  the  solitary  reaction  product  is  the  monoalkoxy  ke¬ 
tone  (VII,  R  =  iso-CjHy),  and  .consequently,  isopropyl  alcohol  already  proves  to  be  completely  incapable  of  adding 
to  the  isopropenyl  group  of  propenyl  isopropenyl  ketone.  The  reaction  of  either  aqueous  metliylamine  or  dimeth¬ 
ylamine  with  ketones  (VII,  VIII,  DC)  gave,  respectively,  as  the  result  of  ammonolysis, either  l,2,5-trimethyl-4- 
piperidone  [4]  or  2-dimetliylamino-5-methyl-5-hexan-4-one  [5]  in  good  yields. 


2782 


GH 


I  — l-J 


'  Jh,  Jh 

(1h, 


(Sh 


80-95''/o  Ron 


2  GH  HgSO^ 

(I'h, 


GH, 


GII, 


ROGH— GHg— GO— G=GH2 

^  (VII) 

CH3 

ROGH2GH— GO— GH=GH— GH3 
(VIII) 

GH, 


Ni  ROGH2— GFI— GO-GH2GH3 

(IX)  inoR 

R  =  CH3  >  C,Hj  >  iso  -C3II,  >  n  -c,!!,. 


GH; 


GH3  GH3 

Y 


CHjNH 


J— CH3  H»0 
N 

I 

GH3 


(VII) 

(!h-gh. 

(VIII) 

\  (CH,),NH  ^ 

(Ihj 

1 

^  H,0  ’ 

(IX) 

GO 

1 

C— GH3 

L, 


EXPERIMENTAL 

Hydration  of  dtvlnylacetylene  to  2-niethyltetrahydro-4-pyione.  Divinylacetylene  (100  g)  was  added  drop- 
wise  in  18  hours  with  stirring  to  a  boiling  mixture  of  200  g  of  50%  aqueous  methanol,  3  ml  of  sulfuric  acid  and 
3  g  of  mercuric  sulfate.  The  experiment  was  run  for  a  total  of  40  hours,  and  during  this  time  another  21  g  of 
mercuric  sulfate  (a  total  of  24  g)  was  added  in  small  portions.  Most  of  the  methanol  was  distilled  off,  while  the 
product  was  salted  out  with  potash,  extracted  with  ether,  dried  over  sodium  sulfate,  and  then  fractionally  dis¬ 
tilled.  We  obtained  62  g  of  2-methyltetrahydro-4-pyrone  (I)  with  b.p.  65-68*  (15  mm),  np^®  1.4440,  The  semi- 
carbazone  had  m.p.  169“  and  did  not  depress  the  melting  point  when  mixed  with  an  authentic  specimen. 

We  recovered  23  g  of  divinylacetylene  from  the  distilled  alcohol.  When  the  experiment  was  repeated  in 
50%  ethyl  alcohol  we  obtained  a  lower  yield  of  2-methyltetrahydro-4-pyrone. 

Hydration  of  divinylacetylene  in  ethyl  alcohol.  A  mixture  of  860  g  of  80%  ethanol,  5  ml  of  concentrated 
sulfuric  acid,  3  g  of  mercuric  sulfate  and  200  g  of  divinylacetylene  (b.p.  80-83*,  np^®  1.5000)  was  vigorously 
stirred  at  78-82*  for  35  hours.  Here  small  portions  of  catalyst  were  added  every  two  hours,  and  in  this  way  an¬ 
other  48  g  of  mercuric  sulfate  was  added.  Most  of  the  alcohol  was  distilled  off  under  a  slight  vacuum,  and  when 
it  was  fractionally  distilled  at  atmospheric  pressure  we  recovered  27  g  of  divinylacetylene.  The  reaction  mass 
was  neutralized  with  soda,  extracted  with  ether,  dried  over  sodium  sulfate,  and  fractionally  distilled  in  vacuo. 

We  obtained  136  g  of  hydration  products  with  b.p.  69-103"  (13  mm),  np^®  1.4480,  and  about  36  g  of  a  tarry 
residue.  Fractional  distillation  of  200  g  of  the  described  hydration  products  of  divinylacetylene,  obtained  from 
several  experiments,  gave  the  following  fractions;  1st,  68-70*  (13  mm),  np^®  1.4440,  48  g;  2nd,  98-100*  (13  mm), 
njj^®  1.4419,  31  g;  3rd,  106-108*  (11  mm),  n^^®  1.4305,  57.2  g;  4th,  115-117*  (12  mm),  n^*®  1.4435,  5.3  g. 

We  obtained  30.5  g  of  an  intermediate  fraction. 

The  first  fraction  was  2-methyltetrahydro-4-pyrone  (I),  the  semicarbazone  of  which  had  m.p.  169-170*, 
and  did  not  give  a  melting  point  depression  with  an  authentic  specimen. 

The  second  fraction  was  l-ethoxy-4-hexen-3-one  (II),  obtained  as  a  mobile  yellow  liquid. 
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d4*®  0.9240,  MR  40.70;  calc.  40.33. 

Found  %  C  67.91,  67.87;  H  10.09,  10.05.  CgH^Oj.  Calculated  C  67.60;  H  9.86. 

The  third  fraction  was  l,5-dietiioxy-3-hexanone  (III),  obtained  as  a  clear  liquid. 

d4^®  0.9508,  MR  51.62;  calc.  51.67. 

Found  %  C  63.87;  H  10.67.  CioH2oOi.  Calculated  %  C  63.83;  H  10.64. 

The  fourth  fraction  was  apparently  l-ethoxyhexan-5-ol-3-one  (IV),  formed  by  the  addition  of  a  molecule 
of  ethanol  and  water  to  vinyl  allyl  ketone. 

d4*®  0.9996,  MR  42.51;  calc.  42.32. 

Found  %  C  59.69,  59.53;  H  10.34,  10.34.  C^kQ,.  Calculated  C  60.00;  H  10.00. 

Oxidation  of  1-ethoxy -4-hexen-3-one  (II).  Thirty  grams  of  powdered  potassium  permanganate  was  grad¬ 
ually  added  in  four  hours,  with  stirring  and  cold-water  cooling,  to  a  mixture  of  200  g  of  water  and  8  g  of  ethoxy 
ketone  (II)  (b.p.  98-100*  at  13  mm,  np*®  1.4413),  and  then  the  stirring  was  continued  for  another  four  hours  at 
room  temperature.  The  manganese  dioxide  was  filtered  and  washed  with  hot  water.  The  presence  of  neutral 
products  in  the  ether  extract  could  not  be  shown.  The  water  solution  was  evaporated  to  dryness  on  the  water  bath, 
and  the  residue  of  salts  was  treated  with  concentrated  hydrochloric  acid,  extracted  with  ether,  dried  over  sodium 
sulfate,  and  fractionally  distilled  in  vacuo.  We  obtained  1.7  g  of  a  mixture  of  formic  and  acetic  acids  with  b.p. 
98-106*  (680  mm)  (calomel  test),  and  2.1  g  of  fl-ethoxypropionic  acid  with  b.p.  141-143*  (28  mm),  n^^®  1.4230. 

Found ‘fe  Ag  47.93.  CsHjQj^g-  Calculated Ag  48.00. 

Hydrolysis  of  ethoxy  ketones  (II,  III,  IV)  with  the  formation  of  2-methyItetrahydro-4-pyrone  (I).  Ten  grams 
of  the  above -described  mixture  of  ketones  (II,  III,  IV),  obtained  by  the  hydration  of  divinylacetylene  in  ethyl  al¬ 
cohol  (b.p.  65-110*  at  12  mm,  n^*®  1.4470),  25  g  of  10%  sulfuric  acid  and  1  g  of  mercuric  sulfate  were  stirred 
wifli  heating  on  the  water  bath  for  four  hours.  The  solution  was  saturated  with  potash,  extracted  with  ether,  the 
extract  dried  over  sodium  sulfate,  and  the  product  fractionally  distilled  in  vacuo.  We  isolated  4.3  g  of  2-methyl- 
tetrahydro-4-pyrone  with  b.p.  60-62*  (15  mm),  np*®  1.4440. 

The  semicarbazone  had  m.p.  169-170*  and  did  not  depress  the  melting  point  with  an  authentic  specimen. 

Reaction  of  methylamine  with  ethoxy  ketones  (II -IV).  A  mixture  of  15  g  of  ethoxy  ketones  (b.p.  65-100* 
at  12  mm,  np^®  1.4470),  23  g  of  24%  aqueous  methylamine  solution  and  10  ml  of  alcohol  was  heated  in  a  glass 
ampoule  at  65  -70*  for  three  hours.  The  solution  was  acidified  with  dilute  hydrochloric  acid,  and  the  neutral 
products  were  extracted  with  ether,  but  after  distilling  off  the  ether  they  proved  to  be  present  in  very  small 
amount.  The  organic  bases  were  salted  out  with  potash,  extracted  with  ether,  dried  over  sodium  sulfate,  and 
fractionally  distilled  in  vacuo.  We  obtained  6.8  g  of  the  earlier -described  [4]  l,2-dimethyl-4-piperidone  (V) 
with  b.p.  80-82*  (10  mm),  np*®  1.4583.  The  picrate  had  m.p.  163-164",  and  did  not  depress  the  melting  point 
with  an  authentic  specimen. 

Reaction  of  dimethylamine  with  ethoxy  ketones  (II-IV).  A  mixture  of  10  g  of  ethoxy  ketones  (b.p.  65-110* 
at  12  mm,  Op***  1.4470)  and  23  g  of  a  25%  aqueous  dimethylamine  solution  was  heated  at  70*  for  three  hours. 

Then  the  excess  dimethylamine  was  vacuum -distilled  on  the  water  bath  at  45*.  The  residue  was  acidified  with 
dilute  hydrochloric  acid,  extracted  wiiii  ether,  and  after  distilling  off  the  ether  we  obtained  a  total  of  about  1  g 
of  neutral  products.  The  water  solution  was  saturated  with  potash,  the  bases  extracted  with  ether,  the  extract 
dried  over  sodium  sulfate,  and  the  product  fractionally  distilled  in  vacuo.  We  obtained  3.4  g  of  l,5-bis(dimethyl- 
amino)-3-hexanone  (VI)  with  b.p.  85-87*  (9  mm),  np^®  1.4560.  The  picrate  had  m.p.  145-146",  and  did  not  de¬ 
press  the  melting  point  with  an  autiientic  specimen. 

Hydration  of  divinylacetylene  in  butanol.  A  mixture  of  250  g  of  divinylacetylene  and  90  g  of  water  was 
added  dropwise  in  20  hours  with  constant  stirring  to  a  heated  to  95*  mixture  of  500  g  of  butyl  alcohol,  5  ml  of 
sulfuric  acid  and  5  g  of  mercuric  sulfate.  Stirring  at  95-100"  was  continued  for  anotiter  48  hours,  and  during 
this  time  42  g  of  mercuric  sulfate  was  added  in  portions.  The  reaction  mixture  was  neutralized  with  potash,  fil¬ 
tered,  and  tile  butyl  alcohol  vacuum -distilled  on  the  water  bath.  The  residue  was  extracted  with  ether,  dried 
over  sodium  sulfate,  and  vacuum -distilled.  We  obtained  105  g  of  hydration  products  with  b.p.  73-113“  (12  mm), 
np^®  1.4543.  We  took  153  g  of  this  mixture,  obtained  from  two  experiments,  and  fractionally  distilled  in  vacuo. 
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The  following  fractions  were  obtained;  1st,  73-75’  (30  mm),  np^®  1.4440,  37  g;  2nd,  100-102*  (11  mm),  np*® 
1.4610,  31  g;  3rd,  135-137’  (11  mm),  np*®  1.4313,  12.5  g.  We  also  collected  48.5  g  of  intermediate  fractions. 

The  first  fraction  was  2-methyltetrahydro-4-pyrone  (1),  the  seinicarbazone  of  which  had  m.p.  169’,  and 
did  not  depress  the  melting  point  with  an  authentic  specimen. 

The  second  fraction  was  l-butoxy-4-hexen-3-one  (II,  R  =  C4H9),  obtained  as  a  yellowish  liquid,  d^*®  0.9236, 
MR  50.52;  calc.  49.55. 

Found  %  C  70.28;  H  10.33.  CipHigOg.  Calculated  %  C  70.59;  H  10.59. 

The  compound  on  standing  polymerizes  first  to  a  viscous,  and  then  to  a  hard  brittle  mass. 

The  third  fraction  was  l,5-dibutoxy-3-hexanone  (III,  R  =  C4H9),  obtained  as  a  colorless  liquid,  d^^®  0.9089, 
MR  70.03;  calc.  69.65. 

Found  <70:  C  68.60;  H  10.86.  CuHagOj.  Calculated  %  C  68.85;  H  11.48. 

Reaction  of  methylamine  with  butoxy  ketones  (II-IV).  A  mixture  of  10  g  of  butoxy  ketones  (II,  III,  IV, 

R  =  C4H9)  (b.p.  90-135’  at  11  mm,  n^^®  1.4550),  25  g  of  a  24%  aqueous  methylamine  solution  and  20  ml  of  al¬ 
cohol  was  heated  in  a  glass  ampoule  on  the  water  bath  at  70’  for  three  hours.  The  excess  methylamine  was  dis¬ 
tilled  on  the  water  bath  at  50*  (70  mm), the  solution  was  acidified  with  dilute  hydrochloric  acid,  and  the  neutral 
products  were  extracted  with  ether  to  subsequently  give  2.7  g  of  butyl  alcohol  with  b.p.  115’.  The  organic  bases 
were  salted  out  with  potash,  extracted  with  ether,  dried  over  sodium  sulfate,  and  vacuum -distilled.  We  obtained 
2.3  g  of  l,2-dimethyl-4-piperidone  with  b.p.  78-80*  (9  mm),  n^^®  1.4580.  The  picrate  had  m.p.  163-164’,  and 
did  not  depress  the  melting  point  with  an  authentic  specimen. 

Hydration  of  vinylisopropenylacetylene  to  2,5-dimethyltetrahydro-4-pyrone.  Vinylisopropenylacetylene 
[2]  (b.p.  40-43’  at  40  mm,  1.4950)  (100  g)  was  added  dropwise  in  16  hours,with  stining,to  a  boiling  mixture 

of  200  g  of  50%  methanol,  3  ml  of  sulfuric  acid  and  3  g  of  mercuric  sulfate.  Then  the  heating  and  stirring  was 

continued  for  another  18  hours,  and  during  this  time  another  13  g  of  mercuric  sulfate  was  added  in  small  portions. 
The  whole  experiment  lasted  34  hours.  The  total  amount  of  mercuric  sulfate  added  was  16  g.  Most  of  the  meth¬ 
anol  was  distilled  off,  while  the  product  was  salted  out  with  potash,  extracted  with  ether,  dried  over  sodium  sul¬ 
fate,  and  fractionally  distilled.  We  obtained  72  g  of  a  hydration  product  with  b.p.  80-83*  (40  mm)  and  np** 
1.4466.  Redistillation  at  atmospheric  pressure  gave  the  following  fractions;  1st,  164-166’  (680  mm),  np  1.4459, 
13  g;  2nd,  171-173’  (680  mm),  np^®  1.4486,  25  g;  3rd,  180-185’  (680  mm),  np*®  1.4476,  15  g. 

The  first  fraction  was  1,3 -dimethyl-1 -cyclopenten-5 -one  (the  semicarbazone  had  m.p.  172-173*)  with 
some  2,5-dimethyltetrahydro-4-pyrone  as  impurity. 

The  second  fraction  was  2,5-dimethyltetrahydro-4-pyrone. 

B.p.  171-173’  (680  mm),  np*®  1,4486,  d^^®  1.0190,  MR  33.70;  calc.  33.98. 

Found  %;  C^65.83;  H  10.15.  CtHjjOj.  Calculated  %e  C  65.52;  H  9.38. 

The  semicarbazone  of  2,5-dimethyltetrahydro-4-pytone  had  m.p.  169.5-170.5*. 

The  third  fraction  was  l,3-dimethyl-3-cyclopenten-5-one  (the  semicarbazone  had  m.p.  190-191")  with 
some  2,5-dimethyltetrahydro-4-pyrone  as  impurity. 

Hydration  of  vinylisopropenylacetylene  in  ethyl  alcohol.  A  mixture  of  1000  ml  of  ethyl  alcohol,  250  ml 
of  water,  15  ml  of  sulfuric  acid,  5  g  of  mercuric  sulfate  and  250  g  of  vinylisopropenylacetylene  (b.p.  45’  at  50 
mm,  np^®  1.4962)  was  vigorously  stirred  at  78-83’  for  32  hours.  During  this  time  another  32  g  of  mercuric  sul¬ 
fate  (a  total  of  37  g)  was  added  in  small  portions.  Then  the  mixture  was  neutralized  with  soda,  filtered,  the 
alcohol  distilled  off,  and  the  product  extracted  with  ether,  dried  over  sodium  sulfate,  and  fractionally  distilled 
in  vacuo.  We  obtained  179  g  of  a  mixture  of  2,5-dimethyltetrahydro-4-pyrone  and  ethoxy  ketones  (VII,  VIII,  IX) 
with  b.p.  80-114’  (12  mm).  The  tarry  residue  from  the  distillation  weighed  32  g. 

From  the  distilled  alcohol  we  recovered  35  g  of  vinylisopropenylacetylene  with  b.p.  40-42"  (41  mm)  and 
np2®  1.4956. 

After  repeated  fractional  distillation  of  the  hydration  products  in  vacuo  we  isolated  the  following  fractions; 
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1st.  80-82*  (40  mm),  nj)*®  1.4487.  50  g;  '2nd.  76-77*  (11  mm),  n^*®  1.4460,  80  g;  3rd.  98-100*  (11  mm),  np^® 
1.4500,  13  g;  4th.  110-112*  (12  mm),  np^®  1.4320,  10.5  g. 

The  first  fraction  was  2,5-dimethyltetrahydro-4-pyrone  with  some  of  the  1,3-dimethylcyclopentenone  as 
impurity.  The  semicarbazone  had  m.p.  169.5-170.5*.  and  did  not  depress  the  melting  point  with  the  above- 
described  process. 

The  second  fraction  was  2 -ethoxy -5 -methyl -5 -hexen -4 -one  (VII),  obtained  as  a  mobile  liquid. 

d4*®  0.9370,  MR  45.80;  calc.  44.95. 

Found  °k  C  69.60;  H  10.50.  CjHjgOj.  Calculated  1ai  C  69.23;  H  10.02. 

We  were  unable  to  obtain  a  crystalline  derivative  with  2,4-dinitrophenylhydrazine. 

The  third  fraction  was  1-ethoxy -2-methyl-5-hexen-3-one  (VIII),  obtained  as  a  light -yellow  mobile  liquid. 

d4*®  0.9205,  MR  45.80;  calc.  44.95. 

Found  ’h  C  69.78;  H  10.30.  CjHjbO^.  Calculated  %  C  69.23;  H  10.02. 

The  fourth  fraction  was  l,5-diethoxy-2-methyl-3-hexanone  (DC),  obtained  as  a  colorless  mobile  liquid. 

d4*®  0.9450,  MR  55.82;  calc.  56.28. 

Found  “fe  C  64.61;  H  10.71.  CuH-^Oj.  Calculated  %  C  65.34;  H  10.89. 

Oxidation  of  2-ethoxy-5-methyl-4-hexen-4-one  (VII).  Powdered  potassium  permanganate  (27  g)  was  ad¬ 
ded  gradually  in  four  hours,  with  stirring  and  ice -water  cooling,  to  9  g  of  the  ethoxy  ketone  (b.p.  85-87“  at  15  mm, 
np*®  1.4454)  in  100  ml  of  water.  The  manganese  dioxide  was  filtered  and  washed  with  hot  water.  The  water 

solution  was  extracted  with  ether,  and  dien  evaporated  on  the  water  bath  to  dryness.  The  residue  of  salts  was 

acidified  with  13  ml  of  concentrated  hydrochloric  acid  and  then  thoroughly  extracted  with  ether.  The  ether  was 
removed  by  distillation  and  the  mixed  acids  were  fractionally  distilled  in  vacuo.  The  following  fractions  were 
collected;  1st,  45-48*  (22  mm),  np*®  1.3869,  1.1  g;  2nd,  48-108*  (20  mm),  np*®  1.4109,  0.4  g;  3rd,  108-109* 

(19  mm),  np*®  1.4270,  1.5  g. 

The  first  fraction  was  a  mixture  of  formic  and  acetic  acids,  which  reduced  a  solution  of  mercuric  chloride. 
The  silver  salts  of  acetic  acid  were  obtained  by  fractional  precipitation. 

Found  '’k  Ag  64.73,  64.55.  Calculated  %  Ag  64.66. 

The  third  fraction  was  fl -ethoxybutyric  acid  (b.p.  108-109*  at  19  mm,  np*®  1.4270). 

Removal  of  the  ether  by  distillation  failed  to  yield  any  neutral  products. 

Oxidation  of  1 -ethoxy -2 -methyl-4 -hex en-3 -one.  Powdered  potassium  permanganate  (35  g)  was  added 
gradually  in  five  hours,  with  stirring,  at  +10*,  to  a  mixture  of  14.2  g  of  die  ketone  (b.p.  95-98*  at  15  mm,  np*® 
1.4486)  and  150  ml  of  water.  The  manganese  dioxide  was  filtered  and  washed  with  hot  water.  The  water  solu¬ 
tion  was  extracted  with  ether  to  remove  neutral  products,  and  then  it  was  evaporated  on  the  water  bath  to  dry¬ 
ness.  The  residue  of  salts  was  acidified  with  23  ml  of  concentrated  hydrochloric  acid,  then  thoroughly  extracted 
with  ether,  and  after  distilling  off  the  ether  the  acids  were  fractionally  distilled  in  vacuo.  We  obtained  1.7  g  of 
formic  acid  with  b.p.  49.51*  (28  mm),  98-101*  (680  mm),  np*®  1.3863  (reduces  a  solution  of  mercuric  chloride), 
and  2.3  g  of  6 -ethoxymethacrylic  acid  with  b.p.  119-120*  (24  mm),  np*®  1.4269. 

Reaction  of  metfaylamine  with  ethoxy  ketones  (VII -DC).  A  mixture  of  12  g  of  the  above-described  ethoxy 
ketones  (b.p.  80-100*  at  11  mm,  np*®  1.4482)  and  28  g  of  a  aqueous  methylamine  solution  was  heated  in  a 
metal  ampoule  at  70*  for  3.5  hours.  The  excess  methylamine  was  distilled  on  the  water  ba±  at  45*  and  a  vacuum 
of  70  mm,  the  solution  acidified  with  hydrochlt^ic  acid  until  weakly  acid,  and  the  neutral  products,  which  proved 
to  be  present  only  in  trace  amount,  were  extracted  with  ether.  The  organic  bases  were  salted  out  with  potash, 
extracted  with  ether,  dried  over  sodium  sulfate,  and  fractionally  distilled  in  vacuo. 

We  obtained  7.2  g  of  l,2,3-trimethyl-4-piperidone  with  b.p.  76-77*  (8  mm)  and  np*®  1.4565.  The  picrate 
had  m.p.  161-162*,  and  did  not  depress  the  melting  point  with  an  authentic  specimen  [4]. 
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Reaction  of  dimethylamine  with  ethoxy  ketones  (VII-IX).  A  mixture  of  15  g  of  mixed  ethoxy  ketones  (b.p. 
80-110*  at  11  mm,  n^^®  1.4482)  and  40  g  of  a  24%  aqueous  dimethylamine  solution  was  heated  in  a  glass  ampoule 
on  the  boiling-water  bath  for  four  hours.  The  excess  dimethylamine  was  removed  in  vacuo  on  the  water  bath  at 
50*.  The  solution  was  acidified  with  hydrochloric  acid  until  weakly  acid,  and  the  neutral  products  were  extracted 
with  ether.  The  organic  bases  were  salted  out  with  potash,  extracted  with  ether,  dried  over  Na2SQ4,  and  fraction¬ 
ally  distilled  in  vacuo.  We  obtained  9.3  g  of  the  earlier -described  2-methyl-5-dimethylamino-2-hexen-3-one[4] 
with  b.p.  80-82“  (6  mm),  nj-^o  1.4560.  The  picrate  had  m.p.  125*,  and  did  not  depress  the  melting  point  with  an 
authentic  specimen  [5]. 

Hydration  of  vinylisopropenylacetylene  in  isopropyl  alcohol.  A  mixture  of  600  g  of  isopropyl  alcohol,  80 
ml  of  water,  5  ml  of  sulfuric  acid,  200  g  of  vinylisopropenylacetylene  (b.p.  45*  at  50  mm,  np^®  1.4960)  and  12  g 
of  mercuric  sulfate  was  heated  at  70"  for  20  hours.  Then  150  ml  of  acetone  was  added  to  obtain  a  homogeneous 
solution,  and  the  stirring  at  mixture-boil  continued  for  26  hours.  During  this  time  another  19  g  of  mercuric  sul¬ 
fate  (a  total  of  31  g)  was  added  in  small  portions.  The  reaction  product  was  neutralized  with  potash  and  filtered. 
Most  of  the  isopropyl  alcohol  was  vacuum -distilled  on  the  water  bath  at  60°,  while  the  product  was  extracted 
with  ether,  dried  over  sodium  sulfate,  and  fractionally  distilled.  We  obtained  63  g  of  recovered  dienyne  (b.p. 
45-46*  at  45  mm,  np^®  1.4960)  and  57  g  of  2-isopropoxy-5-methyl-5-hexen-4-one  (VII,  R  =  iso-CsHj)  as  a  pale- 
yellow  liquid. 

B.p.  79-81°  (14  mm),  n^^®  1.4620,  d4^®  0.9340,  MR  50.20;  calc.  49.58. 

Found  %e  C  70.36,  70.33;  H  10.38,  10.77.  CioHigOj.  Calculated  %:  C  70.59;  H  10.59. 

Hydration  of  vinylisopropenylacetylene  in  butanol.  A  mixture  of  190  g  of  vinylisopropenylacetylene  and 
80  ml  of  water  was  added  dropwise  in  20  hours, with  constant  stirring, to  a  heated  to  90*  mixture  of  500  g  of  butyl 
alcohol  (b.p.  115°),  5  ml  of  sulfuric  acid  and  5  g  of  mercuric  sulfate.  Stirring  at  90-100*  was  continued  for  40 
hours,  and  during  this  time  another  30  g  of  mercuric  sulfate  was  added  in  small  portions.  The  product  was  neu¬ 
tralized  with  potash,  filtered,  the  butyl  alcohol  vacuum -distilled  on  the  water  bath,  and  the  residue  extracted 
with  ether,  dried  over  sodium  sulfate,  and  fractionally  distilled.  We  obtained  108  g  of  a  mixture  of  hydration 
products  with  b.p.  53-151°  (18  mm)  and  nj)^®  1.4480.  From  the  distilled  butanol  we  isolated  another  45  g  of 
starting  dienyne  with  b.p.  46-48°  (50  mm)  and  n^^®  1.4955.  We  took  203  g  of  the  above-described  mixture  of 
hydration  products,  obtained  from  two  similar  experiments,  and  after  fractional  distillation  in  vacuo  collected 
the  following  fractions:  1st,  86-88°  (41  mm),  n^^®  1.4480,  33  g;  2nd,  95-97°  (11  mm),  np^®  1.4630,  45  g;  3rd, 
111-112°  (11  m.m),  np2»  1.4560,  15  g;  4th,  145-147°  (11  mm),  np^®  1.4350,  10  g.  We  also  collected  63  g  of 
intermediate  fractions. 

The  first  fraction  was  2,5-dimethyltetrahydro-4-pyrone  with  some  1,3-dimethylcyclopentanone  as  impurity. 
The  semicarbazone  had  m.p.  169.5-170.5°,  and  did  not  depress  the  melting  point  with  an  authentic  specimen. 

The  second  fraction,  a  pale-yellow  liquid,  was  2-butoxy-5-methyl-5-hexen-4-one  (VII,  R  =  C4H9). 

B.p.  95-97“  (11  mm),  np^®  1.4630,  d4*®  0.9240,  MR  54.83;  calc.  54.20. 

Found  %  C  71.34,  71.12;  H  10.90,  10.90.  C11H20O2.  Calculated  %t  C  71.74;  H  10.86. 

The  third  fraction,  a  yellowish  liquid,  was  l-butoxy-2 -methyl-4 -hexen-3-one  (VIII,  R  =  C4H9). 

B.p.  111-112°  (11  mm),  Up^®  1.4560,  d4^®  0.9024,  MR  55.00;  calc.  54.20. 

Found  %  C  71.44,  71.07;  H  10.99,  10.78.  CuHzoOa-  Calculated  %  C  71.74;  H  10.86. 

The  fourth  fraction,  a  clear  liquid,  was  l,5-dibutoxy-5-methyl-3-hexanine  (IX). 

B.p.  145-147°  (11  mm),  Up^®  1.4350,  d4^®  0.9105,  MR  73.40;  calc.  74.62. 

Found  C  70.27,  70.10;  H  11.34,  11.65.  CisHgoOg.  Calculated  %c  C  70.30;  H  11.72. 

The  butoxy  ketones  (VII,  VIII,  XI,  R  =  C4H9)  failed  to  give  crystalline  derivatives  with  2,4-dinitrophenyl- 

hydrazine. 

Reaction  of  methylamine  with  butoxy  ketones  (VII-IX).  A  mixture  of  10  g  of  the  butoxy  ketone  (b.p. 
96-112°  at  11  mm,  np2®  1.4560),  25  g  of  a  24% aqueous  methylamine  solution  and  30  ml  of  alcohol  was  heated 
in  a  glass  ampoule  on  the  boiling-water  bath  for  four  hours.  The  excess  mediylamine  was  distilled  in  vacuo 
(70  mm)  on  the  water  bath  at  50°.  The  solution  was  acidified  with  dilute  hydrochloric  acid,  and  the  neutral 


2787 


products  were  extracted  with  ether.  We  obtained  3  g  of  butyl  alcohol  with  b.p.  115“.  The  organic  bases  were 
salted  out  with  potash,  extracted  with  ether,  dried  over  sodium  sulfate,  and  vacuum -distilled.  We  obtained  3.2  g 
of  l,2.5-t)rimethyl-4-piperidone  with  b.p.  70-72*  (7  mm),  Hp*®  1.4563.  The  picrate  had  m.p.  161-162*  (from  al¬ 
cohol),  and  did  not  de[«ess  the  melting  point  with  an  autlientic  specimen  [4]. 

Hydration  of  vinylisopropenylacetylene  in  methyl  alcohol.  Water  (45  ml)  was  added  dropwise  in  eight 
hours, with  stining,to  a  boiling  mixture  of  100  g  of  die  dienyne  (b.p.  51-53*  at  43  mm,  np^®  1.4949),  100  g  of 
methyl  alcohol,  3  ml  of  sulfuric  acid  and  3  g  of  mercuric  sulfate,  and  during  this  time  another  8  g  of  mercuric 
sulfate  was  added  in  small  portions.  At  reaction  end  (8  hours)  the  odor  of  the  dienyne  had  disappeared.  The 
mixture  was  treated  with  50  ml  of  water,  and  the  reaction  product  was  extracted  with  ether,  washed  with  soda 
solution,  dried  over  sodium  sulfate,  and  fractionally  distilled  in  vacuo.  We  obtained  86  g  of  mixed  methoxy  ke¬ 
tones  with  b.p.  64-97*  (12  mm),  np*®  1.4463  [1]. 

SUMMARY 

1.  Divinylacetylene  and  vinylisopropenylacetylene,  when  heated  in  aqueous  solutions  of  ethanol,  butanol 
and  isopropyl  alcohol  in  the  presence  of  mercuric  sulfate  and  sulfuric  acid,  suffer  hydration  to  the  corresponding 
dienones.  Here  divinylacetylene  gives  vinyl  propenyl  ketone,  while  vinylisopropenylacetylene  gives  propenyl 
isopropenyl  ketone.  The  resulting  dienones  under  the  reaction  conditions  add  either  one  or  two  molecules  of  the 
alcohol  and  are  converted  to  the  corresponding  fl-alkoxy  ketones;  the  yield  of  these  ketones  decreases  with  in¬ 
crease  in  tile  molecular  weight  of  the  alcohol. 

2.  The  hydration  of  divinylacetylene  in  either  50*5(1  methyl  or  ethyl  alcohol  gives  2-methyltetrahydro-4- 
pyrone  as  the  solitary  reaction  product  in  a  yield  of 

Alcohols  add  to  dienones  in  such  manner  that  the  alkoxy  group  is  always  found  in  the  3 -position  to  the 
carbonyl  group. 

3.  All  of  the  fl  -alkoxy  ketones  syntiiesized  by  us  are  capable  of  reacting  with  primary  and  secondary 
amines  to  yield,  depending  on  the  reaction  conditions,  either  4-piperidones  or  3 -amino  ketones. 
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TETRA  ACYLOXYSILANES  IN  ORGANIC  SYNTHESIS 


XVIIL  STRUCTURE  OF  THE  SILICOANHYDRIDES  OF  DIBASIC  SATURATED  ORGANIC  ACIDS 
lu.K,  lur'ev,  Z.V.  Beliakova  and  G.B.  Eliakov 


In  previous  papers  we  had  shown  that  silicon  tetrachloride  reacts  with  dibasic  saturated  organic  acids  in  a 
neutral  solvent  (benzene)  with  the  liberation  of  hydrogen  chloride  and  the  formation  of  silicoanhydrides  of  the 
dibasic  organic  acids.  The  latter  (silicoanhydrides)  in  the  presence  of  aluminum  chloride  are  capable  of  con¬ 
densing  with  either  benzene  [1]  or  thiophene  [2]  to  give  the  corresponding  w-benzoylalkylcarboxylic  acids  (yields 
33-77‘5t)  or  ci;-(2-thenoyl)alkylcarboxylic  acids  (yields  56“96*7o).  The  possibility  of  obtaining  keto  acids  of  the 
selenophene  series  by  such  a  procedure  was  established  on  the  example  of  synthesizing  B-(2-selenoyl)propionic 
acid  [3]. 

However,  in  these  papers  the  question  of  the  structure  of  the  silicoanhydrides  of  dibasic  acids  was  left  open. 
Based  on  general  considerations, the  structure  of  the  silicoanhydride  of  a  dibasic  acid,  formed  under  the  indicated 
conditions,  may  be  depicted  by  the  following  structural  formulas. 
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With  respect  to  the  experimental  data  obtained  by  us  in  the  acylation  of  benzene  and  thiophene  with  the 
silicoanhydrides  of  saturated  dibasic  organic  acids,  it  should  be  mentioned  that  the  only  reaction  products 
obtained  here  were  the  keto  acids,  and  not  in  a  single  case  did  we  observe  the  secondary  formation  of  diketones  - 
symmetrical  dibenzoyl-  and  di(2-thenoyl) -alkanes. 

In  contrast  to  this  is  the  fact  that,  together  with  keto  acids,  diketones  are  always  formed  when  the  benzene 
ring  is  acylated  with  the  carboxylic  anhydrides  of  dibasic  acids.  Thus,  the  condensation  of  glutaric  anhydrides 
witii  benzene  in  the  presence  of  anhydrous  aluminum  chloride  gives  botii  y -benzoylbutyric  acid  (24*55))  and  a,  y- 
dibenzoylpropane  (18.5*55))  [4].  For  the  ctmdensation  to  go  in  the  two  indicated  directions  is  even  more  charac¬ 
teristic  for  the  anhydrides  of  the  higher  dibasic  acids:  when  benzene  was  acylated  with  the  polymeric  anhydrides 

f - o - 1 

of  adipic  and  sebacic  acids  [CO-(CH2)nCO]x,  besides  the  corresponding  w-benzoyl  aliphatic  acids,  the  corres¬ 
ponding  diketones  and  dibasic  acids  were  formed  in  a  ratio  that  corresponded  to  tfie  equation  proposed  by  Hill  [5], 
and,  respectively,  x/2:x/4:x/4. 


In  a  similar  manner, the  acylation  of  thiophene  with  the  polymeric  anhydrides  of  the  higher  dibasic  acids  in 
the  presence  of  anhydrous  stannic  chloride  gave  a  mixture  of  reaction  products,  composed  of  the  corresponding 
keto  acid,  diketone  and  dibasic  acid  [6]. 

The  acylation  of  benzene  with  the  acid  chlorides  of  dibasic  acids  gives  both  keto  acids  and  diketones,  in 
which  connection  some  of  the  keto  acids  are  obtained  only  if  the  reactants  are  taken  in  a  1 : 1  molar  ratio  [7,  8]. 
When  the  reactants  are  taken  in  tiie  ratio  of  2  moles  of  benzene  to  1  mole  of  acid  chloride, the  reaction  goes  en¬ 
tirely  in  the  direction  of  forming  the  diketone. 

The  absence  of  diketones  in  the  products  of  the  acylation  of  benzene  and  thiophene  with  the  sili coanhydrides 
of  dibasic  acids  served  as  important,  but  not  conclusive,  evidence  that  these  silicoanhydrides,  formed  in  the  me¬ 
dium  of  a  neutral  solvent,  have  the  structure  of  (III).  Since  one -half  as  much  hydrogen  chloride  should  be  liber¬ 
ated  in  the  formation  of  structure  (III)  as  in  the  formation  of  either  stnicture  (I)  or  (II)  (based  on  the  amount  of 
dibasic  acid  taken  for  reaction),  then,  to  answer  the  question  as  to  the  stmeture  of  the  silicoanhydrides  of  dibasic 
acids,  we  ran  a  series  of  experiments  on  the  preparation  of  silicosuccinic  anhydride,  in  which  the  amount  of  hy¬ 
drogen  chloride  liberated  was  determined. 

The  obtained  results  served  as  convincing  evidence  that  structure  (III)  is  valid:  the  amount  of  hydrogen 
chloride,  liberated  in  the  reaction  of  silicon  tetrachloride  with  succinic  acid  in  absolute- benzene  medium,  cor¬ 
responded  to  the  formation  of  this  structure. 

The  analysis  results  obtained  for  the  formed  silicosuccinic  anhydride  also  speak  in  favor  of  stmeture  (III): 
its  average  silicon  content  was  5.36*70(5.31  and  5.41*7)),  as  compared  to  a  theoretical  value  of  5.65*7ofor  stmeture 
(lU).  The  calculated  amount  of  silicon  for  structures  (I)  and  (II)  is  10.18%, 

A  comparison  of  the  experimental  data  with  the  calculated,  given  in  the  Table,  convincingly  shows  that  the 
silicosuccinic  anhydride,  formed  in  the  above-described  manner  from  succinic  acid  and  silicon  tetrachloride,  has 
the  stmeture  of  (III),  in  which  the  free  carboxyl  groups  in  each  of  the  four  acid  radicals,  linked  to  the  silicon  atom, 
are  retained. 

Consequently,  the  structure  of  the  silicoanhydrides  of  saturated  dibasic  acids  is  such  that  when  they  are  used 
to  acylate  either  the  benzene  or  the  thiophene  ring  under  the  conditions  of  the  Gustavson—Friedel -Crafts  reaction, 
only  the  corresponding  keto  acids  are  obtained,  without  the  diketones  as  a  by-product.  Also,  if  substantial  amounts 
of  other  silicoanhydride  forms  of  the  dibasic  acid  with  the  possible  structures  of  (I)  and  (II)  had  been  formed,  then 
we  would  have  observed  the  secondary  formation  of  diketones,  which,  however,  did  not  occur. 

Conclusive  proof  of  the  structure  of  the  silicoanhydrides  of  dibasic  organic  acids  would  also  be  the  prepara¬ 
tion  of  the  acid  esters  of  dibasic  acids  from  them  when  reacted  with  an  alcohol,  or  of  the  substituted  monoamides 
of  dibasic  acids  when  reacted  with  amines.  However,  when  silicosuccinic  anhydride  was  reacted  with  anhydrous 
etiiyl  alcohol  we  obtained  the  diethyl  ester  of  succinic  acid,  the  formation  of  which  is  obviously  associated  with 
secondary  processes. 

Experiments  on  the  preparation  of  a  substimted  monoamide  of  succinic  acid  by  reacting  diethylamine  with 
silicosuccinic  anhydride  in  benzene  medium  gave  positive  results;  the  mono-(N,N-diethyl)amide  of  succinic 
acid  was  obtained  without  the  substituted  diamide  of  this  acid  as  by-product. 

Si(OCOCH2CH2COOH)4  +  4(C2Hb)2NH  ->  4(C2H5)2NCOCH2CH2COOH  -i-  Si(OH)4 

Consequently,  the  stmeture  of  the  silicoanhydrides  of  dibasic  acids  is  actually  expressed  by  the  (III)  stme¬ 
ture  proposed  by  us. 


EXPERIMENTAL 

Preparation  of  silicosuccinic  anhydride.  The  experiments  were  mn  in  a  three-necked  flask  (750  ml),  fitted 
with  a  stirrer  and  an  efficient  reflux  condenser,  the  latter  closed  with  a  stopper  fitted  with  an  outlet  tube,  con¬ 
nected  to  a  wash  bottle  filled  with  anhydrous  kerosene.  The  wash  bottle  was  connected  to  two  absorption  flasks 
containing  standard  sodium  hydroxide  solution.  A  tube,  descending  to  the  bottom  of  the  flask,  was  also  inserted 
in  the  reaction  flask,  and  a  stream  of  dry  air  was  passed  through  it  in  order  to  displace  the  reaction  hydrogen 
chloride. 
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Into  the  flask  were  charged  0.05-0.1  g-mole  of 
succinic  acid,  500  ml  of  absolute  benzene  and  0.0125- 
0.05  g-mole  of  silicon  tetrachloride.  The  reaction  mix¬ 
ture  was  heated  on  the  water  bath  with  constant  stirring, 
first  at  70-80",  and  then  on  the  boiling-water  bath.  The 
liberated  hydrogen  chloride  was  purified  from  traces  of 
entrained  silicon  tetrachloride  by  passing  through  the 
wash  bottle  with  kerosene,(in  which  the  SiClj  is  readily 
soluble)  and  then  it  was  absorbed  in  the  vessels  con¬ 
taining  the  standard  alkali.  At  the  end  of  experiment 
(hydrogen  chloride  was  no  longer  evolved)  the  contents 
of  the  absorption  flasks  were  transferred  to  a  volumetric 
flask,  and  the  amount  of  sodium  hydroxide  consumed 
for  the  reaction  was  determined  by  titration  with  hydro¬ 
chloric  acid.  The  results,  obtained  in  these  experiments, 
are  summarized  in  the  Table. 

In  Expt.  3,  on  conclusion  of  reaction,  the  benzene 
and  excess  silicon  tetrachloride  were  vacuum -distilled, 
and  the  residue  was  analyzed  for  silicon. 

It  should  be  emphasized  that  althou^  a  double 
amount  of  silicon  tetrachloride  was  taken  in  Expt.  3, 
still  the  amount  of  hydrogen  chloride  liberated  was  ap¬ 
proximately  the  same  as  that  liberated  in  Expt.  2,  where 
the  silicon  tetrachloride  was  taken  in  an  equimolar 
amount,  i.e.,  in  the  amount  needed  to  form  the  silico- 
anhydride  with  structure  (III). 

For  comparison  we  have  given  in  the  Table  the 
calculated  percent  of  silicon,  which  should  correspond 
to  each  of  the  three  possible  formulas  for  the  structure 
of  the  silicoanhydride  of  succinic  acid. 

Reaction  of  ethyl  alcohol  wi±  silicosuccinic  an- 
hydride.  A  benzene  solution  of  silicosuccinic  anhydride, 
obtained  as  described  above  from  11.8  g  (0.1  mole)  of 
succinic  acid  and  3.5  ml  (0.03  mole)  of  silicon  tetra¬ 
chloride  in  400  ml  of  benzene,  was  distilled  to  remove 
200  ml  of  benzenej  then  a  stream  of  dry  air  was  passed 
to  remove  any  hydrogen  chloride,  after  which  the  solu¬ 
tion  was  cooled  to  room  temperature,  4.6  g  (0.1  mole) 
of  anhydrous  ethyl  alcohol  was  added,  and  the  whole 
was  stirred  for  four  hours.  The  silicic  acid  was  filtered, 
the  benzene  was  vacuum -distilled  at  40-50",  and  the 
residue  was  distilled.  We  obtained  2  g  (26.5%)  of  di¬ 
ethyl  succinate  with  b.p.  102-105“  (14  mm).  Literature: 
b.p.  103’  (14  mm)  [9]. 

Mono-(N,N-diethyl)amide  of  succinic  acid.  A 
benzene  solution  of  silicosuccinic  anhydride,  obtained 
as  described  above  from  11.8  g  (0.1  mole)  of  succinic 
acid  and  3.5  ml  (0.03  mole)  of  silicon  tetrachloride,  was 
treated  dropwise  with  14.6  g  (0.2  mole)  of  diethylamine, 
after  which  the  mixture  was  heated  for  5-6  hours  on  the 
water  bath,  first  at  50-60",  and  then  on  the  boiling- 
water  bath.  After  cooling,  the  silicic  acid  was  filtered 
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and  washed  with  hot  acetone.  The  solvents  were  distilled  off  and  the  residue  was  vacuum -distilled.  We  obtained 
7  g  (44.5*70)  of  product  with  b.p.  160*  (7  mm),  and  m.p.  83-84“  (from  acetone).  Literature:  m.p.  82.1-84.1’  [10], 

Found  <7«  C  55.82,  55.86;  H  8.93,  8.99.  Equiv.  174.4,  173.7.  CjHbOjN.  Calculated  *70:  C  55.49;  H  8.73. 
Equiv.  173.2 


SUMMARY 

The  reaction  of  a  saturated  dibasic  organic  acid  with  silicon  tetrachloride  in  an  inert  solvent  yields  the 
silicoanhydride  of  the  dibasic  acid,  in  which  the  silicon  atom  is  linked  to  four  radicals  of  the  dibasic  acid  with 
retention  of  a  free  carboxyl  group  in  each  radicaL 
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TETRA  ACYLOXYSIL  ANES  IN  ORGANIC  SYNTHESIS 


XK.  SYNTHESIS  OF  3-  AND  4-NITROCINNAMIC  ACIDS  AND  THHR  HOMOLOGS 
[a-ALKYL-e  -(NITROPHENYL)ACRYLIC  ACIDS] 

lu.K.  lur’ev,  A.N.  Vysokosov  and  S.N.  Godovikova 


In  previous  papers  two  of  us  had  shown  that  the  mixed  anhydrides  of  saturated  monobasic  organic  acids 
and  orthosilicic  acid  (tetraacyloxysilanes)  will  condense  with  benzaldehyde  and  other  aldehydes  of  an  aromatic 
character,  like  furfural  and  2-thicphenecarboxaldehyde,  to  yield  the  corresponding  a, 6 -unsaturated  acids  of  the 
benzene  [1],  furan  [2]  and  thiophene  [2]  series. 

The  preparation  of  cinnamic  and  2-furylacrylic  acids  and  their  homologs  by  such  a  procedure,  and  also  of 
2-thienylacrylic  acid  (in  high  yields),  is  convincing  evidence  that  the  hydrogen  atoms  in  tfie  a -methylene  groups 
of  the  silicoanhydrides  of  organic  acids  are  no  less  labile  than  those  found  in  the  anhydrides  of  organic  acids. 

Due  to  the  strong  electronegativity  of  the  ’S^OCOCH^Rls  radical,  it  is  possible  that  the  mobility  of  the  hydrogen 
atoms  in  the  methylene  group  of  the  silicoanhydrides  of  organic  acids,  Si(OGCX;il^R)4,  is  even  somewhat  greater 
than  in  the  anhydride  of  the  same  acid. 


In  this  paper  we  condensed  the  silicoanhydrides  of  saturated  monobasic  organic  acids  with  m-  and  p-nitro- 
benzaldehyde,  and  in  this  way  obtained  the  following  nitrocinnamic  acids  in  high  yields;  3-nitrocinnamic  (83.5%), 
4-nitrocinnamic  (89.5%),  4-nitro-a-methylcinnamic  (88%),  4-nitro-a-ethylcinnamic  (87%),  4-nitro-a -propyl- 
cinnamic  (47%),  4-nitro-a -isopropylcinnamic  (59%)  and  4-nitro-a-butylcinnamic  acid  (67.5%). 


We  used  sodium  acetate  as  the  condensing  agent  in  the  reaction  of  m-  and  p-nitrobenzaldehyde  with  silico- 
acetic  anhydride,  and  potash  in  the  condensations  with  the  silicoanhydrides  of  the  other  acids. 


N02Gon4Cno  H  si(ocoGM2n)4 


NO,— GoH.,— Gn=G— GOOD  +  llOSi^ 

I  \ 

H 

(III) 


N(),-Gon4— GH— GH— GOO— 

I  I  \ 

on  R  (I) 
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(NO,— G6H4— GH - GH— GOOH ) 

I  ./  I 

OSi—  R  (jj) 
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NO2— G6H4-GH=GH— R  +  GO2  +  HOSi/ 

(IV) 

It  should  be  emphasized  that  a  similar  behavior  of  the  silicoanhydrides  and  the  anhydrides  of  organic  acids 
in  the  Perkin  reaction  is  also  manifested  in  the  fact  that  when  the  condensation  is  run  with  the  indicated  nitro- 
benzaldehydes,  as  well  as  other  nitrobenzaldehydes,  the  reaction  in  both  cases  goes  to  greater  completion  and 
leads  to  higher  yields  of  the  corresponding  nitrocinnamic  acid  than  is  true  for  the  unsubstituted  cinnamic  acids. 


The  stabilizing  influence  exerted  by  the  nitro  group  in  the  carbonyl -containing  reaction  component  is  un¬ 
doubtedly  manifested  in  the  intermediate  stage  of  the  reaction,  where  the  ester  of  the  orthosilicic  and  a-alkyl- 
fl-(nitrophenyl)-j3-hydroxyhydracrylic  acids  (II),  formed  from  the  addition  product  (I),  loses  silicic  acid  with 
the  formation  of  the  a-alkyl- j3-(nitrophenyl)acrylic  acid  (III)  more  easily  than  it  suffers  decarboxylation  and  the 
cleavage  of  silicic  acid  with  the  formation  of  the  nitrostyrene  homolog  (IV),  the  secondary  product  of  this  process. 

In  this  connection  it  should  be  mentioned  that  when  we  condensed  silicoisovaleric  anhydride  with  p-nitro¬ 
benzaldehyde,  both  under  mild  conditions  —  at  100®  for  20  hours,  and  under  more  drastic  conditions  —  at  165-170* 
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The  mixed  melting  point  with  authentic  4-nitrocinnamic  acid  was  not  depressed. 


/ 


for  10  hours,  we  obtained  4-nitro-a-isopropylcinnamic  acid  in  a  yield  of  59*70  and  36‘7»,  respectively.  When  we 
condensed  the  silicoisovaleric  anhydride  with  benzaldehyde  [1]  the  principal  and  solitary  reaction  product  ob¬ 
tained  by  us  was  1 -phenyl-3 -methyl-1 -butene  (a-phenyl-6-isopropylethylene)  (70*70  yield). 

EXPERIMENTAL 

The  tetraacyioxysilanes  used  in  the  present  study  were  obtained  by  the  earlier- described  procedure  [1]. 

A  mixture  of  0.05-0.025  g-mole  of  p-nitrobenzaldehyde,  0.05-0.025  g-mole  of  the  silicoanhydride  of  the 
organic  acid  and  0.05-0.025  g-mole  of  either  anhydrous  sodium  acetate  or  potash,  contained  in  a  100 -ml  flask 
fitted  with  an  air  reflux  condenser  (connected  to  a  calcium  chloride  tube)  and  stirrer,  was  heated  in  an  oil  bath 
(with  thermometer)  with  good  stirring. 

The  mixture  after  cooling  was  treated  with  2  N  sodium  hydroxide  solution  until  faintly  alkaline  (to  litmus) 

[1],  then  diluted  with  water  to  a  volume  of  300-400  ml,  heated  to  80",  and  filtered.  The  filtrate  was  acidified 
with  concentrated  hydrochloric  acid  (to  litmus),  then  allowed  to  stand  in  the  cold  for  2-3  hours,  and  the  nitro- 
cinnamic  acid  separated  and  recrystallized  from  alcohol. 

The  results  obtained  by  us  are  summarized  in  the  Table. 

SUMMARY 

The  condensation  of  the  silicoanhydrides  of  saturated  monobasic  organic  acids  with  m-  and  p-nitrobenzal¬ 
dehyde  in  the  presence  of  either  sodium  acetate  or  potadi  permits  obtaining  the  corresponding  nitrocinnamic 
acids  in  high  yields,  even  in  the  case  where  the  silicoanhydride  is  formed  from  an  acid  with  a  branched  radical. 
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REACTIONS  OF  HYDRAZINE  DERIVATIVES 
XDC.  CONDENSATION  OF  4-AMINO-[1.2,4]-TRIAZOLE  WITH  ESTERS 

A.N.  Kost  and  F.  Gents 


The  heating  of  hydrazine  with  formic  acid  readily  yields  4-amino-[l,2,4]-triazole  [1].  Despite  the  pres¬ 
ence  of  four  nitrogen  atoms,  this  amine  is  more  acidic  than  basic  [2];  however,  the  amino  group  in  this  com¬ 
pound  is  still  capable  of  entering  into  various  condensation  reactions,  at  times,  with  simultaneous  involvement  of 
the  hydrogen  atoms  in  the  triazole  ring  (in  positions  3  and  5).  Thus,  for  example,  even  Bulow  [3]  showed  that 
when  the  aminotriazole  is  heated  with  acetylacetone  it  suffers  condensation, with  the  cleavage  of  water  and  the 
formation  of  6,8-dimethyl-[l,2,4]-ttiazolo-(b)-pyridazine  (I).*  The  reaction  with  acetoacetic  ester  goes  in  a 
similar  manner,  in  which  connection  a  compound  is  formed  to  which  Bulow  [5]  has  assigned  the  structure  (Ila); 
in  our  opinion  the  compound  has  the  more  probable  structure  of  6-hydroxy-8-methyl-[l,2,4]-triazolo-(b)-pyri- 
dazine  (lib). 


/-Nx 

HO— 

1  ris 

OH 

GHg 

(Ila) 

(lib) 

Methylacetoacetic  and  benzoylacetic  esters  react  in  a  similar  manner  with  the  aminotriazole  [6],  It  should 
be  mentioned  that  the  reaction  goes  even  at  the  boil  when  run  in  either  alcohol  or  acetic  acid  solution,  i.e.,  it 
goes  with  much  greater  ease  than  in  the  case,  for  example,  of  the  condensation  of  aniline  with  acetoacetic  ester 
to  give  4 -hydroxyquinaldine  [7]. 

In  view  of  the  fact  that  hydroxytriazolopyridazines  are  capable  of  forming  complexes  with  metal  cations 
[5,  6],  we  became  interested  in  ttiem  and  synthesized  a  number  of  their  class.  For  this  the  proper  S-keto  ester 
was  mixed  with  the  4 -aminotriazole  and  the  mixture  heated  for  20-30  minutes  at  180-200*  (the  reaction  alcohol 
and  water  are  removed  by  distillation).  If  the  reaction  was  too  vigorous,  as,  for  example,  was  true  in  the  case  of 
2-carbethoxycycIopentanone  (with  the  formation  of  compound  III),  then  xylene,  toluene  or  benzene  was  added  to 
the  reactant  mixture  and  the  reaction  alcohol  and  water  slowly  removed  by  azeotropic  distillation.  At  times  we 
added  the  hydrochloride  of  the  aminotriazole  to  serve  as  condensing  agent.  It  is  interesting  to  mention  that  the 
yield  depended  greatly  on  the  rate  of  heating.  If  the  temperature  was  raised  slowly,  then  much  tar  formation  oc¬ 
curred. 


COOCjHg 


+ 


N 


II 


(HI) 


•The  systematic  name  [4]  for  this  structure  is  "2,4-diinethyl-l,G,7,9-tetraazabicyclo-[5— 9]-nonatetraene.* 
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In  the  case  of  2-carbethoxycyclohexanone  we  were  unable  to  obtain  a  condensation  product  even  under  the 
mildest  conditions.  The  reaction  goes  with  much  tar  formation,  in  which  connection  water  is  the  main  cleavage 
product.  It  is  possible  tliat  this  is  due  to  the  large  degree  of  enolization  shown  by  the  keto  ester,  since,  according 
to  Dieckmann  [8],  2-carbethoxycyclopentanone  contains  of  the  enol  form,  while  in  the  case  of  2-carbethoxy¬ 
cyclohexanone  the  content  of  the  enol  form  reaches  1%%  In  support  of  this  theory  is  the  fact  that  succinylsuccinic 
ester,  which  is  almost  completely  enolized  [9],  cleaves  water  even  more  easily,  reacting  with  the  aminotriazole 
apparently  through  the  enolic  hydroxyl.  Tar  formation  is  also  very  readily  incurred  when  cleavage  of  the  alcohol 
is  attempted,  either  by  direct  heating  (0,5  hour  at  160-170°)  or  by  refluxing  in  acetic  acid.  Such  a  result  was  ob¬ 
tained  when  we  attempted  to  condense  the  aminotriazole  with  oc-formylphenylacetic  ester  (2  hours,  170°).  We 
were  also  unable  to  extend  the  reaction  to  y-keto  esters:  only  tar  formation  was  observed  when  the  aminotriazole 
was  heated  with  the  ethyl  ester  of  cyclopentanone-2 -acetic  acid  [10]  for  25  minutes  at  190-210*.  The  same  thing 
occurred  when  the  water  was  removed  from  the  reactant  mixture  by  azeotropic  distillation  with  toluene. 
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Having  obtained  compounds  (I-K)  in  the  indicated  manner,  we  next  condensed  the  aminotriazole  with 
malonic  ester,  assuming  that  similar  to  aniline,  vdiich  gives  dihydroxyquinoline  with  malonic  ester,  the  amino¬ 
triazole  would  form  the  dihydroxytriazolopyridazine.  However,  it  proved  that  the  malonic  ester,  even  when 
taken  in  large  excess,  reacts  (when  heated)  with  two  molecules  of  the  aminotriazole,  forming  N,N’-bis-(l,2,4- 
triazol-4-yl)-malonamide  (X).  Cyclization  products  involving  the  hydrogen  atoms  of  the  triazole  ring  could  not 
be  found.  The  structure  of  diamine  (X)  was  shown  by  its  infrared  absorption  spectrum,*  which  revealed  the  pres¬ 
ence  of  maxima  at  1690  (corresponds  to  the  C-0  bond)  and  3084  cm”^  (corresponds  to  the  C-N  bond  in  the 
amido  group).  An  acetic  acid  solution  of  this  amide  in  the  presence  of  sodium  acetate  precipitates  the  ions  Cu^'*’, 
Ni^'*'  and  Co^^  from  water  solution,  but  does  not  precipitate  Al®'*',  CcP'*',  Bi®'*'  and  Th'*'*',  Not  one  of  these  cations 
is  precipitated  in  alkaline  medium  (in  the  presence  of  tartrate  buffer). 

The  reaction  does  not  go  as  well  with  ethylmalonic  ester,  and  here  we  obtained  the  N,N’-bis-(l,2,4-triazol 
4-yl) -amide  of  ethylmalonic  acid  (XI)  in  a  yield  of  only  15.2‘7a.  In  the  case  of  butylmalonic  ester  only  traces  of 
a  compound  with  m.p.  255-258*  was  isolated,  while  in  the  case  of  the  diethyl  ester  of  diethylmalonic  acid  we 
were  unable  to  make  the  condensation  go  even  after  heating  for  20  hours  at  190-200°. 
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When  the  aminotriazole  is  reacted  with  diethyl  oxalate  it  could  be  expected  that  the  bicyclic  compound 
would  also  be  formed,  but  instead  we  obtained  N,N'-bis-(l,2,4-triazol-4-yl)-oxamide  (XII)  in  54,l‘7o yield.  The 
infrared  spectrum  of  this  compound  (maxima  at  1698  and  3110  cm”^)  is  similar  to  that  of  malonamide  (X).  A 
compound  with  m.p.  162-163.5°  was  isolated  as  a  secondary  product,  but  its  structure  was  not  determined. 

Recently  a  paper  was  published  in  which  it  was  stated  that  the  oxalyldihydrazone  of  cyclohexanone  is  an 
extremely  sensitive  reagent  for  Cu^'*’  ions  [11].  Based  on  a  structural  analogy,  our  diamide  (XII)  also  precipitates 
Cu^^,  and  Cd^^  ions  in  alkaline  media  containing  tartrate  buffer,  and  Cu*'*’  ions  in  a  medium  containing 
acetate  buffer,  but  it  does  not  precipitate  Al*^  and  Fe®^  ions.  We  propose  to  make  a  more  detailed  study  of  this 
compound  as  a  test  reagent  for  metal  cations. 

Continuing  our  study  of  the  ability  shown  by  the  aminotriazole  to  condense,  we  found  that  under  the  usual 
conditions  (boiling  in  the  presence  of  either  alkaline  or  acidic  agents)  it  fails  to  react  with  methyl  methacrylate, 
but  with  acrylonitrile,  which  is  much  more  reactive,  in  the  presence  of  alkali,  it  quite  readily  gives  the  dicyano- 
etiiylation  product  (XIII).  In  acid  media  ot  without  catalysts  the  reaction  does  not  go.  It  should  be  mentioned 
that  up  to  now  the  cyanoethylation  of  amines,  the  NH2  group  of  which  is  linked  to  a  heterocyclic  ring,  has  been 


•The  spectra  were  taken  by  B.V.  Lokshin  using  an  EKS-ll  spectrophotometer  (LiF  prism). 
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unsuccessful  [12].  In  the  present  case, the  amino  group  functions  not  as  an  amine,  but  as  an  amide. 

N  ==:  jy 

I  \n— NH2  +  2CIl2=CHGN  |  ’  Nn— N(Cll2Gll2GN)2 

N==/  N”/ 

(XIII) 

From  the  above-presented  material  it  is  obvious  that  under  ordinary  conditions  the  carbethoxy  group  acyl- 
ates  only  the  amino  group  of  the  aminotriazole,  with  practically  no  involvement  of  the  hydrogen  atoms  in  the 
ring.  This  makes  it  possible  to  state  that  the  condensation  of  fl-keto  esters  with  the  aminotriazole  goes  in  such 
manner  that  the  carbethoxy  group  also  acylates  the  amino  group,  while  the  keto  group  cleaves  the  elements  of 
water  with  involvement  of  the  hydrogen  atom  in  the  3  position  of  the  triazole  ring.  Expressed  differently,  the 
reaction  product  has  the  structure  of  the  6-hydroxy-,  and  not  of  the  8 -hydroxy -triazolopyridazine  (conesponding 
to  nb,  and  not  to  Ila).  We  propose  to  obtain  a  more  accurate  answer  to  this  problem  through  countersyntheses. 

Bulow  indicated  that  the  triazolopyridazines  are  powerful  poisons  [3].  For  this  reason  we  sent  a  number  of 
the  compounds  synthesized  by  us  to  the  Department  of  Vertebrate  Zoology  at  Moscow  University,  where  the  tests 
were  run  by  N.M.  Dukel’skaia.  It  was  found  that  compounds  (I,  VI,  X,  XII  and  XIII),  when  administered  "per  os" 
(with  food)  to  rats  in  three  consecutive  doses  (in  f)ortions  of  170-180  mgAg  of  body  weight),  showed  very  little 
toxic  effect.  When  administered  intravenously  to  rabbits  in  a  dose  of  200  mgAg  It  proved  diat  compound  (XIII) 
was  toxic  (breathing  paralyzed),  while  compound  (XII)  in  the  same  dosage  was  not  poisonous.  Consequently,  the 
toxicity  of  the  indicated  compounds  was  slight. 

EXPERIMENTAL 

4-Amino -[l,2,4]-triazole.  Into  a  two-liter  flask,  fitted  with  a  reflux  condenser  and  cooled  externally  with 
a  stream  of  water,  was  charged  540  g  of  formic  acid,  and  then  gradually  (in  40  minutes),  with  occasional 
shaking,  780  g  of  96%  hydrazine  hydrate  was  added.  When  brisk  reaction  had  subsided  the  reflux  condenser  was 
replaced  by  a  descending  one,  and  the  water  and  excess  hydrazine  were  removed  by  distillation.  The  distillation 
began  at  a  mixture  temperature  of  115*,  and  in  five  hours  the  temperature  readied  200*.  The  mixture  was  kept 
at  this  temperature  for  four  hours,  then  it  was  cooled,  and  a  mixture  of  750  ml  of  alcohol  and  750  ml  of  ether 
was  added.  On  standing  in  the  refrigerator  at  —10*,  die  solution  deposited  white  crystals  of  4-amino-[l,2,4]- 
triazole,  which  were  filtered,  wadied  with  ether,  and  dried  in  a  vacuum-oven.  We  obtained  318  g  (75.7%)  of 
substance  with  m.p.  79-80*  [1].  If  the  amount  of  reactants  is  reduced  to  l/lO  of  diat  above,  then  the  yield  rises 
to  93-95% 

The  dimethyltriazolopyridazine  (I)  was  obtained  when  the  aminotriazole  was  heated  with  acetylacetone  [3]. 
In  a  similar  manner,  using  the  Bulow  method  [5],  we  synthesized  the  6-hydroxy-8-methyltriazolopyridazine  (II) 
from  the  aminotriazole  and  acetoacetic  esters. 

6  -Hydroxy  -8  -m ethyl-7  -ethyl -[1 ,2,4] - triazolo  -(b)  -pyridazine  (IV).  Into  a  round -bottomed  flask,  fitted 
with  a  thermometer  that  readied  the  reaction  mixture,  was  charged  2.1  g  of  the  4 -aminotriazole  and  4  g  of 
ethylacetoacetic  ester  with  b.p.  75-78*  (7  mm)  and  np^®  1.4212.  The  mixture  was  heated  in  a  metal  bath  at 
170*.  A  brisk  boiling  of  the  reaction  mass  began  at  this  temperature  and  the  water  and  alcohol  began  to  distilL 
The  mixture  was  kept  at  170-190*  for  30  minutes,  then  cooled,  and  finally  dissolved  in  hot  water.  The  crystals 
that  deposited  on  cooling  were  filtered,  washed  with  cold  water,  then  with  alcohol,  and  finally  dried  in  a  vacuum - 
oven.  We  obtained  1.2  g  (27%)  of  6-hydroxy-8-methyl-7-ethyl-[l,2,4]-triazolo-(b)-pyridazine.  After  four  re¬ 
crystallizations  from  50%  aqueous  alcohol,  m.p.  229-231*  (decomp.). 

Found  %  C  54.12,  53.90;  H  5.93,  5.86.  CJHjoON^.  Calculated  %  C  53.91;  H  5.66. 

6-Hydroxy-8-mediyl-7-butyl-[l,2,4]-triazolo-(b)-pyridazine  (V).  A  mixture  of  4.2  g  of  the  4-aminotri- 
azole  and  10  g  of  butylacetoacetic  ester  with  b.p.  107-108*  (12  mm)  and  n^*®  1.4270  was  heated  at  190-205*  for 
30  minutes.  The  crystalline  mass  obtained  on  cooling  was  dissolved  in  hot  acetic  acid,  and  the  deposited  crystals 
of  6-hydroxy-8-methyl-7-butyl-[l,2,4]-triazolo-(b)-pyridazine  were  filtered  and  air-dried.  Yield  6.1  g  (59.2%). 
After  two  recrystallizations  from  75%  acetic  acid,  m.p.  206*. 

Found  %  N  27.08,  27.46.  C10H14ON4.  Calculated  %s  N  27.17. 
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6 -Hydroxy -8 -methyl-7 -benzyl-[l, 2, 4]-triazolo-(b)-pyridazine  (VI).  A  mixture  of  8  g  of  the  4-amino- 
triazole  and  21.2  g  of  benzylacetoacetic  ester  with  b.p.  116-117”  (1  mm)  and  np*®  1.4983  was  heated  rapidly  to 
180*.  In  seven  minutes  at  180-190*  the  mixture  became  homogeneous  (the  alcohol  and  water  had  distilled); 
then  the  temperature  was  raised  to  190-200“,  and  in  ten  minutes  the  reaction  mass  swelled  up  and  crystallized. 

The  flask  contents  were  dissolved  in  hot  glacial  acetic  acid,  and  after  the  usual  technique  of  cooling,  filtering, 
washing  and  drying  in  a  vacuum -oven  we  obtained  9.2  g  (40*70)  of  6-hydroxy-8-methyl-7-benzyl-[l,2,4]-triazolo- 
(b)-pyridazine.  After  two  recrystallizations  from  glacial  acetic  acid,  m.p.  212"  (decomp.). 

Found  %  C  64.87,  65.05;  H  5.20,  5.28.  C13HJ2ON4.  Calculated  Ik  C  64.97;  H  5.04. 

6-Hydroxy-7-butyl-8-amyl-[l,2,4]-triazolo-(b)-pyridazine  (VII).  The  Claisen  condensation  of  0.2  mole 
of  methyl  caproate  with  0.1  mole  of  sodium  methylate  gave  9.7  g  (42.5%)  of  methyl  ca  proy  lea  proa  te,  b.p.  122- 
123"  (2  mm),  n^^®  1.4335.  One  gram  of  the  4-aminotriazole  and  a  few  crystals  of  the  4-aminotriazole  hydro¬ 
chloride  were  added  to  3  g  of  this  ester.  The  mixture  was  heated  at  185-195*  for  30  minutes;  the  crystals  ob¬ 
tained  on  cooling  were  dissolved  in  hot  alcohol,  precipitated  by  the  addition  of  water,  washed  with  alcohol,  then 
with  water,  and  finally  dried  in  a  vacuum-oven.  We  obtained  0,6  g  (18.3%)  of  6-hydroxy-7-butyl-8-amyl-[l,2,4]- 
triazolo-(b)-pyridazine.  After  four  recrystallizations  from  50%  aqueous  alcohol,  m.p.  169.5-170,5". 

Found  %  C  63.71,  63.95;  H  8.66,  8,70.  C11H22ON4,  Calculated  %  C  64,09;  H  8.46. 

6-Hydroxy-8-ethyl-[l,2,4]-triazolo-(b)-pyridazine  (VIII).  A  solution  of  80  g  of  freshly  distilled  malonic 
ester  in  50  ml  of  anhydrous  ethanol  was  added  to  a  suspension  of  12.5  g  of  magnesium  in  50  ml  of  anhydrous 
ethanol  and  0.5  ml  of  carbon  tetrachloride.  The  mixture  was  heated  cautiously  on  the  water  bath  until  hydrogen 
began  to  evolve.  When  the  reaction  had  subsided  somewhat,  150  ml  of  dry  ether  was  added,  and  the  mixture  was 
heated  under  reflux  until  all  of  the  magnesium  had  dissolved  (about  seven  hours).  The  solution  was  cooled  and 
then  a  solution  of  49  g  of  propionyl  chloride  in  50  ml  of  anhydrous  ether  was  added  gradually,  after  which  the 
mixture  was  heated  under  reflux  for  another  hour.  The  mixture  after  cooling  was  decomposed  with  350  ml  of  2  N 
sulfuric  acid,  then  with  water,  dried  over  magnesium  sulfate,  and  the  ether  removed  by  vacuum -distillation.  The 
residue  was  treated  with  8  g  of  fl -naphtha lenesulfonic  acid  monohydrate,  and  then  the  mixture  was  slowly  heated 
under  air  reflux  to  200"  (gas  began  to  evolve  at  130").  After  heating  for  five  hours  the  gas  evolution  ceased,  and 
the  mixture  was  cooled,  diluted  with  ether,  washed  three  times  with  soda  solution,  then  twice  with  water,  and 
the  water  extracts  extracted  with  ether.  The  combined  ether  extracts  were  dried  over  magnesium  sulfate,  the 
ether  was  distilled  off,  and  tlie  residue  was  vacuum -distilled.  We  obtained  20.6  g  (34.5%)  of  the  propionylacetate, 
b.p.  67-72"  (5  mm),  np*®  1.4230  [13]. 

A  mixture  of  2,1  g  of  the  4-aminotriazole  and  4.3  g  of  the  above  keto  ester  was  heated  for  1.5  hours  at 
160-170*.  The  crystals  obtained  on  cooling  were  dissolved  in  hot  glacial  acetic  acid  and  then  reprecipitated  by 
the  addition  of  water.  After  filtration,  washing  with  water  and  drying  in  the  air  we  isolated  1.6  g  (39%)  of  6- 
hydroxy-8-ethyl-[l,2,4]-triazolo-(b)-pyridazine.  After  two  recrystallizations  from  30%  acetic  acid,  m.p.  236.5- 
237.5*. 

Found  %c  C  51.17,  51.37;  H  5.09,  5.10.  C7H8ON4.  Calculated  %:  C  51.21;  H  4.91. 

6-Hydtoxy-7-phenyl-8-benzyl-[l,2,4]-triazolo-(b)-pyridazine  (IX).  Ethyl  phenylacetate  (0.15  mole)  was 
added  gradually,  with  cooling,  to  an  ether  solution  of  0.25  mole  of  isopropylmagnesium  bromide.  When  gas  (pro¬ 
pane)  evolution  had  ceased  the  mixture  was  allowed  to  stand  at  room  temperature  for  two  hours,  then  200  ml  of 
ether  was  added,  and  the  mixture  decomposed  with  2  N  sulfuric  acid  and  ice.  The  ether  layer  was  washed  with 
water,  then  with  sodium  bicarbonate  solution,  again  with  water,  and  finally  it  was  dried  over  magnesium  sulfate. 
Most  of  the  ether  was  evaporated,  and  the  resulting  crystals  were  filtered,  washed  with  alcohol,  and  air-dried. 

We  obtained  13.5  g  (61.5%)  of  the  a,y-diphenylacetoacetic  ester  with  m.p.  77-78*  [14]. 

A  solution  of  4  g  of  the  above  ester  and  1  g  of  the  4-aminotriazole  in  20  ml  of  glacial  acetic  acid  was 
heated  under  reflux  for  46  hours.  Then  the  acetic  acid  was  removed  by  vacuum -evaporation  on  the  water  bath, 
and  the  residual  oil  was  treated  with  water.  Colorless  crystals  separated  after  standing  for  a  day,  which  were  fil¬ 
tered,  washed  with  ether,  and  vacuum-dried.  We  obtained  0.3  g  (8.3%)  of  6-hydroxy-7-phenyl-8-benzyl-[l,2,4]- 
triazolo-(b)-pyridazine.  After  recrystallization  from  70% acetic  acid,  m.p.  286-290*.  An  attempt  to  run  the  re¬ 
action  at  180-200*  (0.5  hour)  without  solvent  led  to  pronounced  tarring. 

Found  %:  C  71.59,  71.66;  H  4.78,  4.83.  C18H14ON4.  Calculated  %  C  71.51;  H  4.67. 
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6-Hydroxy -7, 8-triraethylene-[l, 2, 4]-triazolo-(b)-pyridazine  (III).  Into  a  Wurtz  flask  was  charged  2.1  g 
of  the  4-aminotriazole,  4.7  g  of  2-carbethoxycyclopentanone  and  60  ml  of  dry  xylene.  The  mixture  was  heated 
slowly,  the  reaction  alcohol  and  water  being  removed  by  azeotropic  distillation  with  the  xylene.  When  about 
10  ml  of  liquid  remained  in  the  flask,  it  was  treated  with  another  60  ml  of  xylene,  and  the  distillation  repeated. 
The  dark  residue,  which  crystallized  on  cooling,  was  dissolved  in  glacial  acetic  acid,  the  crystals  reprecipitated 
by  the  addition  of  water,  after  which  they  were  filtered,  washed  with  alcohol,  then  with  water,  and  finally 
vacuum -dried.  We  obtained  1.95  g  (45.4%)  of  substance  (III),  which  was  purified  by  recrystallization  from  water 
with  the  addition  of  activated  carbon.  The  colorless  crystals  obtained  in  this  manner  decomposed  when  heated 
above  250*  and  melted  with  strong  decomposition  at  292-295*. 

Found  %  C  54.35,  54.50;  H  4.82,  4.95.  CjHjON^.  Calculated  %  C  54.54;  H  4.57. 

N,N*-Bis-(l,2,4-triazol-4-yl)-malonamide  (X).  A  mixture  of  8.4  g  of  the  4-aminotriazole  and  50  ml  of 
malonlc  ester  was  heated  in  a  Wurtz  flask  immersed  in  an  oil  bath.  Frothing  and  the  distillation  of  alcohol  be¬ 
gan  at  170*.  In  20  minutes  at  170-180*  the  whole  mass  solidified.  It  was  cooled,  and  the  crystals  after  washing 
with  alcohol  and  ether  were  dried  in  a  vacuum -desiccator  over  phosphorus  pentoxide.  We  obtained  7,2  g  (61%) 
of  diamide  (X).  After  two  recrystallizations  from  water,  m.p.  265-270*  (decomp.). 

Found  %e  N  47.11,  47.38.  C^H^N,.  Calculated  %e  N  47.46. 

N,N*-Bis-(l,2,4-ttiazol-4-yl)-amide  of  ethylmalonlc  acid  (XI).  A  mixture  of  16  ml  of  ethylmalonic  ester 
and  4.2  g  of  the  4-aminotriazole  was  heated  at  190-200*  for  30  minutes.  The  mixture  after  cooling  was  treated 
with  30  ml  of  acetone,  and  after  a  day  the  crystals  were  separated  by  filtration,  washed  with  water,  and  vacuum  - 
dried.  We  obtained  1.0  g  (15.2%)  of  diamide  (XI),  which  after  recrystallization  from  a  mixture  of  anhydrous  eth¬ 
anol  and  glacial  acetic  acid  (3;  1),  and  then  from  50%  ethanol,  had  m.p.  247-248’  (decomp.). 

Found  %e  N  42.11,  42.10.  C^bOjNs-  Calculated  %  N  42.41. 

N,N*-Bis-(l,2,4-triazol-4-yl)-oxamide  (XII).  A  mixture  of  17  g  of  the  4-aminotriazole  and  58.4  g  of  di¬ 
ethyl  oxalate  was  heated  at  150-170’  for  40  minutes,  then  cooled,  treated  with  hot  alcohol,  and  the  crystals  sepa¬ 
rated.  After  washing  with  alcohol,  then  with  water  and  drying  in  a  vacuum -oven  we  obtained  12  g  (54.1%)  of 
diamide  (XII).  The  substance  was  purified  by  repeated  precipitation  from  aqueous  alkaline  solution  with  acetic 
acid.  The  pure  compound  did  not  melt  up  to  360’,  is  soluble  in  chloroform,  ether,  benzene  and  dioxane,  is  very 
difficultly  soluble  in  alcohol,  water  and  glacial  acetic  acid,  and  is  readily  soluble  in  dilute  aqueous  alkali  solu¬ 
tions. 

Found  %c  N  50.41,  50.86.  QHgOjNg.  Calculated  %:  N  50.44. 

The  alcohol  solution  on  cooling  deposited  0.4  g  of  yellowish  needle  crystals.  After  recrystallization  from 
alcohol,  m.p.  162-163.5*.  Found  %:  C  45.46, '45.47;  H  5.83,  5.87.  The  Lassaigne  test  for  nitrogen  was  positive. 
The  substance  is  readily  soluble  in  water  and  in  hot  alcohol,  and  is  insoluble  in  ether.  Its  structure  was  not  in¬ 
vestigated  in  greater  detail. 

4-(Di-fl-cyanoethyl)-amino-[l,2,4]-triazole  (XIII).  Acrylonitrile  (5.3  g)  was  added  dropwise  at  room  tem¬ 
perature  to  a  solution  of  8.4  g  of  the  4-aminotriazole  and  0.1  g  of  sodium  hydroxide  in  200  ml  of  tert-butyl  al¬ 
cohol.  Heat  was  evolved  and  the  mixture  turned  red,  after  which  crystals  began  to  form.  The  reaction  mass  was 
heated  for  ten  minutes  on  the  water  bath,  and  the  crystals  obtained  on  cooling  were  separated,  washed  with  al¬ 
cohol,  and  vacuum-dried.  We  obtained  7.1  g  (74.8%)  of  dinitrile  (XIII).  After  two  recrystallizations  from  a  mix¬ 
ture  of  alcohol  and  ether  (3 : 1),  m.p.  168-169*.  The  substance  is  readily  soluble  in  water  and  hot  alcohol,  diffi¬ 
cultly  soluble  in  benzene,  and  very  difficultly  soluble  in  petroleum  ether  and  chloroform. 

Found  %:  C  50.63,  50.78;  H  5.33,  5.68.  CaHioNg.  Calculated  %;  C  50.51;  H  5.30. 

SUMMARY 

1.  We  synthesized  a  number  of  6-hydroxy-[l,2,4]-triazolo-(b)-pyridazines  by  the  condensation  of  4-amino- 
[l,2,4]-triazole  witfi  fl-keto  esters. 

2.  It  was  shown  that  diethyl  oxalate  and  malonic  ester  do  not  react  with  the  aminotriazole  to  give  bicyclic 
compounds  of  the  dihydroxytriazolopyridazine  type,  but  instead  give  the  corresponding  ditriazolyldiamides. 

3.  The  cyanoediylation  of  4-aminotriazole,  proceeding  in  alkaline  medium,  was  described. 
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REACTION  OF  A  RYLSULFON  A  MI  DES  WITH  PROPYLENE  OXIDE 


A.E.  Kretov  and  E.A.  Abrazhanova 


Ethylene  oxide  has  found  wide  use  as  a  raw  material  for  the  preparation  of  a  multitude  of  products,  used  as 
solvents  [1],  plasticizers  [2],  lacquers  [3],  and  in  the  production  of  explosives,  poisons  and  medicinals  [4]. 

The  purpose  of  the  present  investigation  was  to  study  the  reaction  of  propylene  oxide  with  arylsulfonamides. 
This  reaction  is  mentioned  in  the  literature  in  a  paper  by  Johnson  [5],  who  reacted  styrene  oxide  with  p -toluene- 
sulfonamide  and  isolated  two  products: 


CoHg  Cells 

CHg/ _ ^SOaNHCH-CHjOH  CHg/ _ ^SOaNCGH— CH20H)2 

The  reaction  was  studied  by  us  for  the  case  of  propylene  oxide  and  the  three  arylsulfonamides:  benzene - 
sulfonamide,  p-chlorobenzenesulfonamide  and  p-toluenesulfonamide.  Based  on  the  general  reaction  scheme  for 
the  addition  of  olefin  oxides  to  the  NH2  group,  and  the  structure  of  the  products  isolated  by  Johnson,  it  is  possible 
to  postulate  that  the  reaction  goes  in  two  stages.  Consequently,  depending  on  the  reaction  conditions,  it  is  pos¬ 
sible  to  obtain  either  mono-  or  disubstituted  arylsulfonamides. 


ArS02NH2-|-RCH— CHR  -►  ArSOgNHGHR— GHROH 

\  / 

0 

ArS02NH2-l-2RCH— CHR  ^  ArS02N(GHR— CHROH)2 


(1) 

(2) 


We  ran  the  reaction  in  an  autoclave  at  a  pressure  of  15-25  atm  in  the  presence  of  sodium  hydroxide  as  cat¬ 
alyst.  It  proved  that  in  the  case  of  benzenesulfonamide  the  main  reaction  product  under  these  conditions  isN- 
(fl-hydroxyisopropyl)benzenesulfonarnide  (I).  In  the  case  of  p-toluenesulfonamide  and  p-chlorobenzenesulfonamide, 
the  reaction  goes  according  to  schemes  1  and  2  with  the  formation  of  the  corresponding  substituted  amides. 

From  the  literature  it  is  known  that  certain  products,  similar  to  those  obtained  by  us,  were  synthesized  by 
tfie  condensation  of  the  sodium  derivative  of  p-toluenesulfonamide  with  ethylene  chlorohydrin  [6]. 


The  N-(fl-hydroxyisopropyl)arylsulfonamides  (A)  are  sirupy,  noncrystallizing  liquids  that  cannot  be  vacuum - 
distilled  without  decomposition,  and  are  soluble  in  aqueous  alkali  solutions,  benzene,  ether  and  alcohol.  They 
were  purified  by  conversion  to  the  corresponding  sodium  derivatives,  which  were  obtained  as  crystalline  com¬ 
pounds  with  several  molecules  of  crystallization  water,  and  proved  to  be  insoluble  in  organic  solvents.  The  crys¬ 
tallization  water  was  lost  when  the  compounds  were  heated  in  vacuo  at  120-130*. 


The  N-(6,fl’-dihydroxydiisopropyl)arylsulfonamides  (B)  are  colorless  crystalline  compounds,  insoluble  in 
alkalies,  and  soluble  in  hot  carbon  tetrachloride  and  petroleum  ether. 


GHo 

I 

ArSOaNHGH— GH2OH 
(A) 

(T)  Ar  =  0,H,. 

(H)  Ar  =  C.H,Cll5-p, 

(III)  Ar  =  C,H4C1|>, 


CH3 

ArS02N(c!H— GIl20n)2 
(B) 

(IV)  Ar  =  C,If,CH3-p, 

(V)  Ar  =  C,H,Cl-p.‘^ 
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To  confirm  the  structure  of  the  obtained  compounds  we  studied  some  of  their  chemical  properties.  The 
products  obtained  by  the  halogenation  and  acylation  of  the  hydroxyl  group  were  synthesized.  We  used  thionyl 
chloride  and  phosphorus  pentachloride  to  replace  the  hydroxyl  group  by  chlorine.  Here  we  obtained  colorless 
crystalline  products  (C)  and  (D),  which  could  be  titrated  with  aqueous  alkali  solutions,  and  were  soluble  in  ether, 
benzene,  alcohol,  hot  petroleum  ether  and  carbon  tetrachloride. 

Clla  CII3 

I  I 

ArSOaNHGH— CH2GI  ArSOaNfGH— GHgGI), 

(C)  (D) 

(VI)  Ar  =  C.IIj,  (VII)  Ar  =  C.H,CII,-p, 

(VIII)  Ar  =  C,ll,Clp. 

For  the  acylation  we  used  acetyl  chloride.  Only  the  N-(0-hydroxyisopropyl)benzenesulfonamide  was  acyl- 
ated.  The  acylation  product  isolated  from  the  reaction  was  a  sirup,  which  could  not  be  vacuum -distilled,  and 
titrated  as  one  equivalent  in  the  presence  of  phenolphthalein. 

EXPERIMENTAL 

Reaction  of  propylene  oxide  with  arylsulfonamides,  A  mixture  of  thearylsulfonamides(benzenesulfona- 
mide  31.4  g,  p-toluenesulfonamide  34.8  g,  p-chlorobenzenesulfonamide  38.3  g),  17.4  g  of  propylene  oxide,  0.1  g 
of  NaOH  and  200  ml  of  benzene  was  heated  in  an  autoclave  with  stirrer  for  two  hours.  A  temperature  of  200-220" 
and  a  pressure  of  20  atm  was  used  for  the  benzenesulfonamide,  240-260"  and  25  atm  for  the  p-toluenesulfonamide, 
and  160-180"  and  15  atm  for  the  p-chlorobenzenesulfonamide.  The  reaction  mixture  was  unloaded  from  the  auto¬ 
clave  after  cooling  (in  15-20  hours).  In  the  case  of  benzenesulfonamide, the  benzene  was  vacuum -distilled  from 
the  reaction  mixture,  and  the  residue  dissolved  in  10%  caustic  solution  and  precipitated  by  acidification  with  con¬ 
centrated  hydrochloric  acid.  The  obtained  oil  was  separated,  washed  with  water,  and  then  dissolved  in  benzene. 
The  benzene  solution  was  dried  over  sodium  sulfate  and  the  benzene  was  removed  by  vacuum -distillation.  In  the 
case  of  p-toluenesulfonamide  and  p-chlorobenzenesulfonamide, a  crystalline  precipitate  deposited  from  the  reac¬ 
tion  mixture,  which  was  separated  and  treated  with  hot  10%  caustic  solution.  The  insoluble  portion  was  recrys¬ 
tallized  from  either  water  or  carbon  tetrachloride.  The  mother  liquor  was  worked  up  in  the  same  manner  as  de¬ 
scribed  above  for  benzenesulfonamide.  In  this  manner  we  obtained: 

N-(6 -hydroxyisopropyl)benzenesulfonamide  (I)  in  58% yield,  N-(fl -hydroxyisopropyl)-p-toluenesulfonamide 
(II)  in  15%  yield,  N-(fl -hydroxyisopropyl)-p-chlorobenzenesulfonamide  (III)  in  5% yield,  and  N -(0,0 ’-dihydroxy - 
diisopropyl)-p-toluenesulfonamide  (IV)  in  60% yield. 

M.p.  126-128"  (from  water),  colorless  crystals. 

Analysis  of  (IV). 

Found  %;  N  4.45,  4.88.  C^HzANS.  Calculated  %  N  4.85. 

N-(0,0'-Dihydroxydiisopropyl)-p-chlorobenzenesulfonamide  (V),  yield  48.2%,  m.p.  107-110"  (from  carbon 
tetrachloride). 

Found  %  N  4.77.  C12H1P4NCIS.  Calculated  %  N  4.56. 

The  reaction  of  p-toluenesulfonamide  with  propylene  oxide  can  be  made  to  go  with  a  predominant  forma¬ 
tion  of  the  monosubstituted  derivative.  For  this  a  mixture  of  propylene  oxide  and  benzene  (1: 1)  is  used  as  the 
solvent  and  the  catalyst  is  omitted.  The  reaction  mixture  is  worked  up  the  same  as  described  above.  The  yield 
of  N-(0-hydroxyisopropyl) -p-toluenesulfonamide  (II)  in  this  case  was  51%. 

Preparation  of  sodium  derivatives  of  N-(0-hydroxyisopropyl) -arylsulfonamides.  To  obtain  the  same  deriva¬ 
tives,  5  ml  portions  of  10%  sodium  hydroxide  solution  were  added  in  the  cold  to  0.01  mole  of  compounds  (I)-(III). 
The  obtained  precipitates  were  filtered  and  washed  with  benzene. 

Sodium  derivative  of  (I),  m.p.  54-56". 

CH, 

I 

Found  %:  S  9.72.  CeHgSOzN  (CHCHgOHlNa  '  5H2O.  Calculated  %e  S  9.78. 
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After  heating  in  vacuo  at  120-130°. 

Found  %  N  6.52.  CBHjjOjNSNa.  Calculated  N  5.92. 

Sodium  derivative  of  (II),  m.p.  64-66°. 

CH, 

Found  <7*  S  8.56.  p-CH,C6H;4S02N(CHC1^0H)Na  •  THjO.  Calculated  %  S  8.50. 
After  heating  in  vacuo  at  120-135°. 

Found  ^’loL  N  6.03.  CjaHi403NSNa.  Calculated  *7(1  N  5.57. 

Sodium  derivative  of  (III),  m.p.  60-62°. 


Found  ‘7<«  N  3.40.  p-ClCeH4N(CHCH20H)Na  •  THjO.  Calculated  %  N  3.44. 

Preparation  of  halo  derivatives.  1)  Reaction  of  (I)  with  phosphorus  penta chloride.  To  4.3  g  of  the  substance, 
contained  in  a  small  flask  fitted  with  a  reflux  condenser,  was  added  5.2  g  of  phosphorus  pentachloride.  The  reac¬ 
tion  went  violently  with  the  evolution  of  heat.  When  the  frothing  had  ceased  the  reaction  mixture  was  heated  on 
the  boiling -water  bath  for  1.5  hours.  At  the  end  of  heating  the  phosphoms  oxychloride  was  vacuum -distilled.  To 
identify  the  phosphorus  oxychloride  it  was  redistilled  at  atmospheric  pressure,  b.p.  103-106“  (uncorrected).  The 
yield  of  phosphorus  oxychloride  was  0.8  g.  The  residue  from  the  distillation  was  extracted  with  ether,  the  ether 
vacuum -distilled,  and  the  residue  allowed  to  crystallize.  In  one  to  two  days  the  crystalline  product  was  freed 
from  an  oily  impurity  by  pressing  on  porous  plate.  The  yield  of  crude  N-(fl -chloroisopropyl)benzenesulfonamide 
was  2.5  g  (53.7'7>).  m.p.  75-77*  (from  petroleum  ether). 

Found  ‘7<t  Cl  15.2.  C9H12O2NCIS.  Calculated  %  Cl  15.38. 

2)  Reaction  of  (IV)  and  (V)  with  thionyl  chloride.  To  1.43  g  of  substance  (IV)  or  1.5  g  of  substance  (V), 
contained  in  a  small  flask  fitted  with  a  reflux  condenser,  was  added  1.4  g  of  thionyl  chloride.  The  reaction  mix¬ 
ture  was  heated  at  80-85*  for  two  hours  (until  hydrogen  chloride  ceased  to  evolve).  After  reaction  end,  the  mix¬ 
ture  on  cooling,crystallized.  In  the  case  of  substance  (IV)  the  mixture  was  dissolved  in  carbon  tetrachloride,  the 
carbon  tetrachloride  was  vacuum -distilled,  and  the  residue  was  recrystallized  from  petroleum  ether.  In  the  case 
of  substance  (V)  the  residue  was  recrystallized  from  heavy  gasoline. 

N-(8,fl'-Dichlorodiisopropyl)-p-toluenesulfonamide  (VII)  was  obtained  in  38.2%  yield,  m.p.  83-87°. 

Found  %  Cl  22.32.  CuHuO^NClzS.  Calculated  %:  Cl  21.6. 

N-(6,fl'-Dichlorodiisopropyl)-p-chlorobenzenesulfonamide  (VIII)  was  obtained  in  43.5‘7oyield,  m.p.  85-88°. 

Found  Cl  29.8.  CjjHisOiNCljS.  Calculated  %  Cl  30.7. 

Acylation  of  N -( fl -hydroxy iso propyl)benzenesulfonamide.  A  mixture  of  6.9  g  of  substance  (I)  and  2.4  g  of 
acetyl  chloride  was  heated  on  the  boiling-water  bath  for  two  hours.  The  reaction  mixture  was  poured  into  water, 
and  the  lower  layer  separated  and  washed  with  water.  The  residual  oil  was  dissolved  in  benzene,  dried,  and  the 
benzene  vacuum -distilled.  The  residue  was  a  sirup  which  could  not  be  vacuum -distilled  and  could  be  titrated 
widi  alkali  solution. 

N-(0-Acetoxyisopropyl)benzenesulfonamide,  C6H5S02NHCH(CH3)CH20C0CH3,  was  obtained  in  65% yield. 

Found:  equiv.  (titration  with  NaOH  in  the  presence  of  phenolphthalein)  0.982.  Calculated:  equiv.  1. 

SUMMARY 

1.  The  reaction  of  propylene  oxide  with  arylsulfonamides  was  studied. 

2.  Eight  new  arylsulfonamide  derivatives  were  synthesized  and  characterized. 
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STUDY  OF  THE  ISOMERIZATION  AND  DIMERIZATION 
OF  DIMETHYL  VINYLCARBINOL  AS  A  FUNCTION 
OF  THE  pH  OF  THE  REAGENT 

IV.  THE  STRUCTURE  OF  A  NEW  ISOMER  OF  GERANIOL 

A. I.  Lebedeva  and  L.V.  Kukhareva 


Earlier  [1]  in  studying  the  relationship  between  tlie  yield  of  terpene  alcohols  and  the  pH  of  the  reagent  we 
examined  the  reaction  of  aqueous  KHSO^  solution  with  dime^ylvinylcarbinol.  Here  a  mixture  of  products  was 
obtained  which  was  not  characterized  completely. 

This  investigation  was  continued  in  the  present  paper;  here  we  were  able  to  isolate  three  other  pure  com¬ 
pounds,  two  of  which  proved  to  be  identical  with  the  unsaturated  ethers  obtained  earlier  [2],  while  the  third  was 
geraniol  hydrate.  It  was  shown  by  Pfau  and  Plattner  [3]  that  the  cleavage  of  the  first  molecule  of  water  from  pri¬ 
mary-tertiary  glycols,  to  which  class  geraniol  hydrate  belongs,  occurs  at  the  tertiary  hydroxyl  and  the  hydrogen 
atom  found  in  the  y -position  to  the  primary  hydroxyl  group.  They  assumed  the  structure  of  the  terpene  alcohol 
obtained  in  this  manner  to  be  identical  with  that  of  isogeraniol  [4].  We  dehydrated  geraniol  hydrate  in  a  vacuum, 
with  traces  of  KHS04,and  obtained  a  terpene  alcohol  with  the  empirical  formula  CioHjgO,  differing  in  its  constants 
from  those  of  geraniol  and  linalool.  When  tlie  alcohol  was  oxidized  with  chrome  mixture  we  obtained  an  al¬ 
dehyde,  which  gave  a  semicarbazone  with  m.p.  205-206®.  Two  moles  of  hydrogen  were  absorbed  when  the  alco¬ 
hol  was  hydrogenated  over  Pt.  The  saturated  alcohol  obtained  here  was  identical  with  tetrahydrogeraniol.  Ozonol- 
ysis  of  the  Cj^^HigO  alcohol  gave,  togetiier  with  acetone,  about  40*70  of  formaldehyde  and  about  2b’’Joo{  formic  acid. 
The  infrared  spectrum  of  the  alcohol  showed  absorption  bands  at  837  and  890  cm‘\  characteristic  for  the"out-of- 

R  R 

plane’C— H  deformations  in  the  groups  =  CH  —  R3  and  =  CH2,  respectively.  Especially  characteristic 

Rg/  Rj-^ 

was  the  band  at  890  cm'^,  usually  ascribed  to  a  terminal  methylene  group  [5],  The  spectrum  also  showed  an  in¬ 
tense  band  at  1038  cm~^,  probably  associated  with  the  C— O  vibrations  in  the  CHjOH  group,  and  a  band  of  valence 
vibrations  (~3350  cm“^). 

Wlien  the  CioHijO  alcohol  was  subjected  to  catalytic  hydrogenation  over  Pd/CaC03,  a  halt  was  observed 
after  the  addition  of  1  mole  of  hydrogen.  The  C10H20O  alcohol  isclated  as  a  result  of  tlie  selective  hydrogenation 
had  physical  constants  that  corresponded  to  those  of  citronellol.  When  the  alcohol  was  oxidized  with  chrome 
mixture  we  obtained  citronellic  acid  and  its  lactone,  characterized  as  die  silver  salt.  In  its  character  the  infra¬ 
red  absorption  spectrum  of  the  CioH2oO  alcohol  resembled  that  of  fl -citronellol,  taken  in  the  same  wavelength 
region  [6]. 

Both  the  absorption  spectrum  of  0 -citronellol  and  that  of  our  investigated  C10H20O  alcohol  completely 
failed  to  show  any  evidence  of  a  band  at  890  cm'^  Based  on  our  studies.it  can  be  stated  that  the  following  trans¬ 
formations  are  observed  when  dimethylvinylcarbinol  is  reacted  witli  aqueous  KHSO4  solution. 

1.  Allylic  rearrangement,  leading  to  the  formation  of  an  equilibrium  mixture  of  primary  and  tertiary  al¬ 
cohols. 

2.  Intramolecular  dehydration,  leading  to  the  formation  of  isoprene,  and  intermolecular  dehydration,  lead¬ 
ing  to  the  formation  of  unsaturated  ethers  of  dimethylvinylcarbinol  and  y,y-dimethylallyl  alcohol. 
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3.  Dimerization. 


4.  Hydration  of  monomeric  and  dimeric  alcohols  with  the  respective  formation  of  a,a-dimethyltrimethylene 
glycol  (I)  and  geraniol  hydrate  (II),  giving  on  subsequent  dehydration  the  terpene  alcohol  CioH];gO  (III). 

+H,o 

(CH3),C=CH— CHjOH - *■  (CH,),COH— CH,— CHjOH 

(CHj),C=CH-(CH,),-C{CH3)=CH-CH,OH  (CH3),C=CH-(CH,),-C0H-CH,-CH,0H 

-H,o[  CH, 

+H, 

<CH,),C-CH-<Cn,),-CH(CH,,)-CH,-CH,OH  »> - (CH3),C=CH-(CH,),-C-CH,-CH,OH 

-Si  ' 

+i  ♦ 

(CH,),CH-(CII,),-CH(CHj)-CH,-CH,OH  (CH,),C=CH-(CH,),-C-CH,-CHO 

The  fact  that  the  infrared  spectrum  shows  a  strong  absorption  band  at  890  cm"\  that  ozonolysis  gives  for¬ 
mic  acid  in  a  higher  than  60'5'o  yield  (total),  that  oxidation  gives  the  CioHigO  aldehyde  (IV),  that  selective  hydro¬ 
genation  yields  fl -citronellol  (V),  and  that  exhaustive  hydrogenation  gives  tetrahydrogeraniol  (VI),  all  make  it 
possible  to  assume  that  the  cleavage  of  the  first  molecule  of  water  from  geraniol  hydrate  goes  at  least  60<)i)With 
involvement  of  the  tertiary  hydroxyl  group  and  the  hydrogen  of  the  methyl  group.  The  main  terpene  alcohol  ob¬ 
tained  here  is  7-methyl-3 -methylene-6 -octenol  (HI). 

That  the  methylmethyleneoctenol  is  obtained  as  the  main  product  in  the  dehydration  of  geraniol  hydrate 
once  again  emphasizes  the  fact  that  geraniol  hydrate  is  not  an  intermediate  product  in  the  interconversions  of 
terpene  alcdiols  [7]  or  in  the  transformations  of  linalool  to  terpineol  [8]. 


(I) 

(II) 

(HI) 

(IV) 


EXPERIMENTAL 

For  each  experiment  we  took  200  g  of  dimethylvinylcarblnol  and  200  ml  of  20*51)  aqueous  KHSO4  solu¬ 
tion.  The  operating  technique  was  the  same  as  that  used  earlier  [9].  The  upper  layer  was  distilled.  Here  the 
following  fractions  were  collected;  from  35  to  145",  58.9  g  (isoprene,  dimethylvinylcarbinol,  y,y-dlmethylallyl 
alcohol)}  from  50  to  75*  (5  mm),  19.3  g  (y,y-dimethylallyl  ether  of  dimethylvinylcarbinol,  y,y-dimethylallyl 
ether  of  y,y-dimethylallyl  alcohol):  from  75  to  120“  (10  mm),  15.3  g  (linalool,  geraniol):  from  120  to  145“ 

(7  mm),  13.4  g;  residue  2.7  g.  From  the  ether  extract  of  the  lower  layer  we  obtained  22.4  g  of  mixed  dimethyl¬ 
vinylcarbinol  and  y,y-dlmethylallyl  alcohol,  and  2,3  g  of  a,a-dimethyltrimethylene  glycol  (see  the  Table). 

Redlstlllation  of  the  fraction  with  b.p.  120-145*  (7  mm)  gave  geraniol  hydrate  (II)  (the  data  ate  given  in 
the  Table). 


Boiling 
point 
(pressure 
in  mm) 

Mlij,  1 

Liters- 

1 

3 

Name 

Empiri¬ 
cal  for¬ 
mula 

d,«> 

c 

1 

i 

H+ 

tiire 

refer¬ 

ence 

(I) 

-Dimethyltri-. 

C0II12O2 

92—92.5° 

0.9649 

1.4425 

28.57 

28.34 

1.98 

V] 

(If) 

methylene  glycol 
Geraniol  hydrate 

CioH2of^2 

(5) 

133—134 

(6) 

127-128 

(5) 

0.9436 

1.4689 

50.84 

50.96 

1.96 

in 

(VII) 

3 , 7  -Dlmcthyl-1 , 3  - 
octanediol 

f^loIl22f^2 

0.9099 

1.4475 

51.14 

51.43 

1.98 

in 

(III) 

7  -Methyl -3  -methyl¬ 
ene-6 -octenol 

GioHigfl 

68—68.5 

(2) 

86—87 

(5) 

95—96 

(9) 

82-84 

(4) 

0.8776 

1.4684 

i 

48.88 

48.97 

0.98 

(VI) 

Tetrahydrogeraniol 

CloH22fI 

0.8402 

1.4391 

49.55 

49.90 

1.06 

fl  1.121 

(V) 

Citronellol 

0.8552 

1.4465 

48.75 

49.43 

1.03 

(.2) 
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For  hydrogenition  we  took  2.0  g'of  geraniol  hydrate  (II),  0.2  g  of  Pt  and  40  ml  of  ether.  The  amount  of 
hydrogen  absorbed  was  262  ml  (100.5%).  After  distilling  off  the  ether  we  obtained  1.5  g  of  3,7 -dimethyl-1,3 - 
octanediol  (VII)  (see  Table). 

Geraniol  hydrate  (II)  (11.0  g)  was  slowly  distilled  in  vacuo  in  the  presence  of  0.05  g  of  KHSO4  at  85-90* 

(5  mm).  We  obtained  8.4  g  of  substance,  which  was  fractionally  distilled  through  a  column. 

Found  %c  C  77.71;  H  11.83.  M  153.0.  Calculated  %  C  77.87;  H  11.76.  M  154.2.  (Other  data  are 
given  in  the  Table.) 

For  hydrogenation  we  took  1.75  g  of  7 -methyl-3 -methylene-6 -octenol  (III),  0.3  g  of  Pt  and  40  ml  of  al¬ 
cohol.  The  amount  of  H2  absorbed  was  495  ml  (97.0%).  We  obtained  1.2  g  of  tetrahydrogeraniol  (VI). 

Chrome  mixture  (2  g  of  Na2Cr207,  3  g  of  H2SO4  and  9  ml  of  H2O)  was  added  with  cooling  and  shaking  to 
3.1  g  of  7-methyl-3-methylene-6-octenol  (III).  Then  the  mixture  was  heated  for  15  minutes  at  60-70*,  diluted 
with  water,  and  neutralized  with  NaHC05.  The  neutral  compounds  were  steam -distilled  and  then  extracted  with 
ether.  We  obtained  1.3  g  of  aldehyde  (IV),  giving  the  silver-mirror  test.  The  semicarbazone  had  m.p.  205-206* 
(from  alcohol). 

Found  %:  C  63.07;  H  9.32;  N  20.24.  CuHjgONj.  Calculated  %:  C  63.14;  H  9.15;  N  20.07. 

A  solution  of  2.5  g  of  7-methyl-3-methylene-6-octenol  (III)  in  30  ml  of  chloroform  took  up  1.68  g  of  Oj 
(106.3%).  The  ozonide  was  decomposed  with  water,  and  the  excess  peroxide  was  decomposed  by  heating  with  Pt. 
The  solution  was  made  up  to  500  ml.  Aliquots  were  taken  and  found  to  contain  38.6%  formaldehyde  (with  dime- 
don)  and  25.2%  formic  acid.  After  removal  of  the  formaldehyde  the  first  drops  of  the  neutral  products  distillate 
gave  a  precipitate  of  a  2,4-dinitrophenyIhydrazone  with  m.p.  122-123",  which  did  not  depress  the  mixed  melting 
point  Willi  the  2,4-dinitrophenyIhydrazone  of  acetone.  We  were  unable  to  identify  the  other  products  of  the  ozon 
olysis. 

For  hydrogenation  we  took  2.0  g  of  7 -methyl-3 -methylene-6 -octenol  (III),  1.0  g  of  Pd/CaC08  and  40  ml 
of  alcohol.  The  amount  of  hydrogen  absorbed  was  321  ml  (103.6%  of  the  theoretical  for  one  double  bond).  After 
removal  of  the  alcohol  by  distillation  we  obtained  1.2  g  of  citronellol  (V).  A  mixture  of  1.2  g  of  citronellol  (V), 
1.5  g  of  Na2Cr207  and  2  ml  of  water  at  60-70*  was  treated  in  drops  with  2  ml  of  60%  H2SO4.  The  mixture  was 
kept  at  this  temperature  for  one  hour,  after  which  it  was  steam -distilled.  The  aqueous  distillate  was  extracted 
with  ether,  and  after  distilling  off  the  ether  we  obtained  the  lactone,  which  was  converted  to  the  sodium  salt  of 
the  acid  by  boiling  with  an  excess  of  caustic  in  aqueous  alcohol  (1 : 1)  solution.  After  evaporation  of  the  alcohol 
and  neutralization  of  flie  solution  with  nitric  acid, the  sodium  salt  was  converted  to  the  silver  salt. 

Found  %t  C  43.23;  H  6,73;  Ag  38.80.  CioHn02Ag.  Calculated  %:  C  43.34;  H  6.18;  Ag  38.92. 

Another  5.0  g  of  citronellol  (V)  was  oxidized  repeatedly  by  the  Tiemann -Schmidt  procedure  [10].  We  ob¬ 
tained  3.1  g  of  neutral  products  (mainly  the  original  alcohol)  and  0.7  g  of  citronellic  acid. 

Found  %:  equiv.  170.1.  C9H17COOH.  Calculated  %e  equiv.  170.2. 

The  results  given  above  were  obtained  when  the  silver  salt  was  analyzed.  The  infrared  absorption  spectra 
were  taken  with  an  IKS -6  spectrophotometer,  using  a  NaCl  prism,  and  running  at  third  speed. 

SUMMARY 

1.  When  dimethylvinylcarbinol  is  reacted  with  aqueous  KHSO4  solution  there  is  observed,  together  with 
allylic  rearrangement,  dehydration  and  dimerization,  also  hydration,  leading  to  the  formation  of  a, a -dimethyl- 
trimethylene  glycol  and  geraniol  hydrate. 

2.  The  dehydration  of  geraniol  hydrate  in  the  presence  of  trace  amounts  of  KHSO4  gives  a  CjoHi^  alcohol, 
which  is  mainly  7 -methyl-3 -methylene-6 -octenol. 
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SYNTHESIS  OF  HYDRAZIDES  AND  HYDRAZONES 
OF  SOME  HETEROCYCLIC  AND  AROMATIC  ACIDS 

E.S,  Nikitskaia,  E.  E.  Mikhlina,  L.N.  lakhontov  and  V.Ia,  Furshtatova 


In  earlier  investigations  [1]  it  had  been  shown  that  isonicotinic  acid  hydrazide  and  its  derivatives  (hydra - 
zones)  show  substantial  antituberculous  activity,  both  in  vitro  and  in  vivo.  In  this  connection  it  seemed  of  interest 
to  synthesize  .for  testing  as  possible  antituberculous  agents,  the  hydrazides,  and  their  derivatives  of  4-pyridylacetic 
acid,  6-(4-pyridyl)acrylic  acid  and  6-(4-pyridyl)propionic  acid,  differing  from  the  isonicotinoylhydrazone  in 
having  one  or  more  mediylene  groups  between  the  pyridine  ring  and  the  hydrazide  radical. 

It  also  seemed  desirable  to  synthesize  the  hydrazides  and  hydrazones  of  acids  belonging  to  the  piperidine 
and  quinuclidine  series  for  the  purpose  of  determining  the  influence  exerted  by  the  indicated  tings  on  the  biologi¬ 
cal  activity  of  this  class  of  compounds  and  to  compare  this  activity  with  that  shown  by  similar  compounds  of  the 
pyridine  series. 

With  this  in  mind  we  synthesized  the  hydrazides  of  the  following  acids;  isonipecotic,  4-pyridylacetic,  4- 
piperidylacetic,  fl-(4-pyridyl)propionic,  6-(4-piperidyl)propionic,  fi-(4-pyridyl)acrylic,  6-methylpicolinic  and 
a -quinuclidinecarboxylic.  Due  to  the  fact  that  p-nitrobenzoic  acid  is  close  to  isonicotinic  acid  in  its  chemical 
properties,  to  determine  the  relationship  between  structure  and  activity  we  also  synthesized  the  hydrazide  and 
some  hydrazones  of  p-nitrobenzoic  acid.  To  synthesize  tiie  hydrazides  we  reacted  our  earlier  obtained  [5,  6] 
ethyl  esters  of  die  mentioned  acids  with  hydrazine  hydrate  in  alcohol  solution.  Subsequent  reaction  of  the  hy¬ 
drazides  with  various  aldeliydes  (benzaldehyde,  4-acetamidobenzaldehyde,  4-hydroxy-3-methoxybenzaldehyde, 
4-hydroxybenzaldehyde,  opianic  acid)  led  to  obtaining  the  hydrazones.  This  last  reaction  was  run  in  water, 
aqueous  alcohol  or  alcohol  medium.  The  constants  of  the  obtained  compounds,  their  analysis  and  the  yields  are 
summarized  in  Tables  1-4.*  The  in  vitro  testing  of  the  obtained  compounds  for  antituberculous  activity,  run  in 
the  Chemotherapy  Section  of  out  Institute  by  0.0.  Makeeva,  revealed  that  they  show  considerably  less  activity 
than  do  the  corresponding  isonicotinic  acid  derivatives. 

EXPERIMENTAL 

As  examples  we  will  describe  the  synthesis  of  6-melhylpicolinic  acid  hydrazide,  p-acetamidobenzaldehyde 
6-methylpicolinoylhydrazone,  benzaldehyde  4-pyridylacetylhydrazone  and  4-hydroxy-3-methoxybenzaldehyde 
a  -  quinuclidinoylhydrazone. 

6-Methylpicolinic  acid  hydrazide.  To  a  solution  of  6.5  g  of  ethyl  6-methylpicolinate  in  10  ml  of  ethyl 
alcohol  was  added  4.2  g  of  hydrazine  hydrate  and  the  mixture  heated  for  three  hours  at  the  boil.  The  alcohol 
and  excess  hydrazine  hydrate  were  removed  by  distillation.  The  crystalline  residue  was  pressed  on  a  Buchner 
funnel  and  washed  with  anhydrous  ether.  We  obtained  5.35  g  (92%)  of  the  compound,  m.p.  91-93*. 

p-Acetamidobenzaldehyde  6-me&ylpicolinoylhydrazone.  A  hot  solution  of  1.08  g  of  p-acetamidobenzal- 
dehyde  in  22  ml  of  water  was  added  to  a  solution  of  1  g  of  6-methylpicolinic  acid  hydrazide  in  5  ml  of  hot  water. 
The  precipitate  obtained  on  cooling  was  filtered  and  washed  with  hot  water.  We  obtained  1.78  g  (91%  of  the 
compound.  M.p.  247-249*  (from  alcohol). 


•At  the  time  we  completed  the  present  investigation  we  found  that  some  of  the  hydrazides  prepared  by  us  had 
already  appeared  in  the  literature.  For  this  reason  the  proper  references  are  included  in  the  tables. 
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CONHNH, 

83* 

236-238°I2J 

19.44 

19.06 

CH.CONHNII, 

88.4* 

227—228 

36.52 

36.67 

7.39 

7.55 

18.26 

18.25 

96.5 

— 

— 

— 

— 

24.56 

24.20 

87*  * 

216-217 

57.16 

57.16 

6.80 

7.15 

14.28 

14.30 

78*  • 

54.39 

54.41 

6.51 

6.54 

11.89 

11.78 

193—194 

58.25 

7.74 

7.49 

13.59 

13.32 

223—224 

62.95 

62.84 

7.54 

7.22 

— 

— 

CH,CH,CONHN=CHC^,q)-NHCOCH, 
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64.62 

64.43 

7.72 

— 

— 
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CONHNH, 

92 

91-93° 

56.80 

56.45 

8.87 

8.87 

24.87 

24.45 

CONHN=CHC,H,tD-OCH,)  (p-OH) 

70*  • 

135—138 

59.81 

60.00 

7.16 

7.- 8 

13.08 

12.85 

CONHN=CHC,H, 

70 

153-155 

70.03 

70.42 

7.39 

7.55 

— 

— 

CONHN=CHC,H4(p-NHCOCH,) 

75 

251—252 

64.26 

64.34 

7.00 

7.22 

17.85 

17.60 

conhn=ciic.h,4>-oh) 

62** 

139—141 

61.85 

61.85 

7.21 

7.08 

14.43 

14.99 

*  Isolated  as  the  dihydrochloride 
••Crystallizes  with  1  H2O. 


Benzaldehyde  4-pyridylacetylhydrazone.  A  solution  of  0^15  g  of  benzaldehyde  in  1  ml  of  alcohol,  heated 
to  70*,  was  added  to  0.23  g  of  4-pyridylacetic  acid  hydrazide,  dissolved  in  1  ml  of  water  at  70*.  The  solution 
was  evaporated  to  dryness.  The  oily  residue  was  rubbed  with  ether,  and  then  with  water;  the  obtained  crystals 
were  filtered  and  washed  with  water.  We  obtained  0.3  g  (84.5%)  of  benzaldehyde  4-pyrldylacetylhydrazone,  m.p. 
116-117*. 

4-Hydroxy-3-methoxybenzaldehyde  g  -quinuclidinoylhydrazone.  A  solution  of  1  g  of  a-quinuclidinecar- 
boxylic  acid  hydrazide  in  5  ml  of  alcohol  was  mixed  with  a  solution  of  0.9  g  of  4-hydroxy-3-methoxybenzalde- 
hyde  in  10  ml  of  alcohol.  Then  15  ml  of  water  was  added  to  the  solution.  The  precipitate  obtained  on  cooling 
in  ice  was  filtered.  We  obtained  1.3  g  (70%)  of  the  compound.  M.p.  136-138*  (from  alcohol). 
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TABLE  4 
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46.60 
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<30NHN=CHC.H,m-OCIIj)fp.OII) 

80* 
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54.09 

4.50 

4.54 

— 

— 

CONHN=CHC.H,(o-COOn)m ,  poCHjI 

75 
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— 

— 

— 

— 

11.22 

11.27 

CONHN=CIIC,H,(p-OH) 

86 

266-268 

58.94 

58.83 

3.85 

3.86 

14.73 

14.84 

•Crystallizes  with  1  H^O. 


SUMMARY 

To  study  die  antituberculous  activity  we  synthesized  the  hydrazides  and  some  hydrazones  of  isonipecotic, 
4 -pyridylacetic,  4-piperidylacetic,  fl-(4-pyridyl)propionic,  fl-(4-piperidyl)propionic,  6-(4-pyridyl)acrylic,  6- 
methylpicolinic,  a -quinuclidinecarboxylic  and  p-nitrobenzoic  acids. 
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ADDITION  OF  NEUTRAL  ESTERS  OF  PHOSPHOROUS 
AND  PHOSPHONOUS  ACIDS  TO  CONJUGATED  SYSTEMS 

VI.  JOINT  REACTION  OF  ALKYL  HALIDES  AND  a.  S -UNSATURATED  ACIDS 
WITH  TRIALKYL  PHOSPHITES 

V.A.  Kukhtin  and  K.M.  Orekhova 


In  earlier  papers  [1,  2]  It  had  been  shown  that  triallgrl  phosphites  can  undergo  the  Arbuzov  rearrangement 
when  reacted  with  a, d -unsaturated  acids  and  aldehydes.  The  indicated  authors  also  established  that  a, S -un¬ 
saturated  acids  and  alkyl  halides  are  capable  of  Joint  reaction  with  trialkyl  phosphites  [3].  As  a  continuation  of 
these  investigations  we  studied  the  joint  reaction  of  a,  S -unsaturated  acids  and  all^l  bromides  or  iodides  with  tri¬ 
alkyl  phosphites.  The  experiments  run  using  alkyl  bromides  completely  confirmed  the  earlier-proposed  scheme. 
As  a  result  of  these  experiments  we  obtained  the  mixed  esters  of  6 -dialkylphosphonocarboxylic  acids  and  the 
conesponding  all^l  halides.  The  constants  of  the  obtained  esters  are  given  in  Table  1. 


Heating  was  employed  when  methacrylic  acid  andallQrl  bromides  were  jointly  reacted  with  trialkyl  phos¬ 
phites.  The  joint  reaction  of  acrylic  acid  and  all^rl  bromides  with  triall^l  phosphites  proceeds  more  vigorously 
than  in  the  case  of  methacrylic  acid.  In  some  cases,  when  the  reaction  was  mn  at  room  temperature  (Table  2, 
Expt.  2),  the  ethyl  ester  of  B  -diethylj^osphonoisobutyric  acid  was  isolated.  The  mixed  ester  could  not  be  found 
in  the  reaction  products.  From  this  it  appears  that  the  alkyl  bromide  reacts  with  the  intermediate  complex  mainly 
at  elevated  temperature.  We  studied  the  reaction  of  ethyl  bromide  with  the  intermediate  product  obtained  as 
the  result  of  adding  tributyl  [hosphite  to  methacrylic  acid.  Butyl  bromide  and  the  ethyl  ester  of  B-dibutylphos- 
phonoisobutyric  add  were  isolated  as  reaction  result.  Consequently,  the  reaction  can  be  depicted  as  going  in  two 
stages. 


8*  Co 

(RO)jP:  >  CH2=CR"-CC  — -  „  /O' 

OH  ^CH,-CR=CC 

^OH 

0-C=0 

II,  Hal 

{R0)jP  CHR"  ♦  RHal  — -  (ROjjPt 
v/ 

CH,  . 


o-c=o 

I  I 

(ROliP  CHR” 
CH, 


0  -c=o 

+  I  M 

or  (R0)3P^  CHR 
CH, 


CH^CHR"-  coor' 


(R0)2P-CH,-CHR  -  COOR  +  RHal 
II 
0 


{.if 

(2) 


Interesting  results  were  obtained  when  the  joint  reaction  of  methacrylic  acid  and  all^rl  iodides  with  triall^rl 
phosphites  was  studied.  In  this  case  the  yields  of  esters  of  fi -phosphonoisobutyric  acid  were  small  (from  8  to 
Table  2). 

Consequently,  the  reaction  can  also  go  differently  from  the  above -presented  scheme.  When  the  obtained 
reaction  products  were  fractionally  distilled  we  isolated  esters  of  the  general  type  R'P(OR)2,  the  formation  of  which 

O 

was  not  observed  in  studying  the  reaction  with  all^l  bromides.  In  addition,  esters  of  methacrylic  acid  and  dial- 
kylphosphorous  acid  were  obtained  as  a  reaction  result  (see  Table  2).  Alkyl  iodides  are  much  more  active  in  die 
Arbuzov  rearrangement  than  are  the  bromides,  and  consequently  it  is  possible  to  theorize  that  in  the  first  reaction 
stage  they  could  compete  with  die  methacrylic  acid,  in  which  case  reaction  proceeds  by  the  scheme: 
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CH,=^C-COOH  I  HO 

I  CHj 
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0-C  =  C-CH. 
OH  CH, 


.(ROjjP, 


''0-C=C-CHiI 
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OH  CHj 


The  decomposition  of  the  unstable  intermediate  compound  proceeds  in  the  following  manner: 


(HOlgl 


R' 


\0-G==C-GH2l 
I  I 
OH  GUg 


(R0)3P 


R' 


/ 

\0— G-GII— GHjI  -> 
^  <1h. 


(RO)2PR'  +  GH2l— GFI— GOOR 

II  I 

0  GHg 

GUjI  -GII— GOOR  +(RO):,F’  (RO)2FU  +  RI  +GH2=G-GOOR 


GiP 


GR, 


It  is  also  possible  for  the  hydrogen  halide  to  cleave  in  a  different  manner;  however,  we  were  unable  to 
detect  the  presence  of  hydrogen  iodide  in  the  reaction  products.  As  a  result  of  reaction  by  the  above-presented 
scheme  the  following  four  products  should  be  isolated:  esters  of  general  type  R'P(OR)2,  dialkylphosphorous  acids, 

O 

methacrylates  and  alkyl  iodides,,.  It  was  established  that  all  four  products  are  present  in  the  reactions  run  by  us 
(Table  2).  The  joint  reaction  of  acrylic  acid  and  all^l  iodides  with  trialkyl  j^osphites  goes  mainly  by  the  scheme 
presented  above  for  the  alkyl  bromides,  i.e.,  with  the  formation  of  the  corresponding  esters  of  the  0 -dialkylphos- 
phonopropionic  acid.  This  is  apparently  due  to  the  fact  that  acrylic  acid,  being  more  reactive,  attacks  the  phos¬ 
phite  molecule  before  the  alkyl  iodide  does.  Then  the  alkyl  iodide  reacts  with  the  intermediate  complex  formed. 

In  studying  the  joint  reactions  of  alkyl  iodides  and  methacryUc  acid  with  trialkyl  phosphites.the  ability  of 
trialkyl  phosphites  to  telomerize  at  room  temperature  with  methacrylic  acid  in  the  presence  of  alkyl  iodides  [3] 
according  to  the  scheme  was  verified: 


The  structure  of  the  telomerization  product  was  not  investigated.  The  isolated  telomeric  products  were 
white, powderlike  substances.  They  did  not  melt,  and  when  heated  they  turned  dark;  they  are  insoluble  in  ben¬ 
zene,  xylene,  toluene,  cyclohexane,  chloroform,  dioxane  and  carbon  tetrachloride,  soluble  in  alkalies  and  in 
methyl  alcohol  (when  heated),  and  slightly  soluble  in  acetone.  Their  phosphorus  content  ranged  from  2.5  to  6.5%. 
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(continued) 


The  experimental  results  obtained  by  us  permit  making  the  conclusion  that,  depending  on  the  experimental 
conditions  and  chemical  reactivity  of  the  reactants,  the  joint  reaction  of  methacrylic  acid  and  alkyl  iodides  with 
trialkyl  phosphites  can  go  in  three  directions. 


EXPERIMENTAL 

Reaction  of  triethyl  phosphite  with  methacrylic  acid  and  propyl  bromide.  To  15  g  of  tri ethyl  phosphite 
and  11.1  g  of  propyl  bromide  was  added  7.78  g  of  methacrylic  acid.  A  rise  of  2*  in  the  temperature  was  observed. 
When  heat  evolution  had  ceased, the  reaction  mass  was  heated  on  the  water  bath  (the  mixture  boiled  at  95-96") 
for  six  hours.  Three  fractional  distillations  gave  8  g  of  the  propyl  ester  of  0  -diethylphosphonoisobutyric  acid 
(Table  1,  Expt.  1).  The  other  experiments  involving  the  reaction  of  alkyl  bromides  and  methacrylic  acid  with 
trialkyl  phosphites  were  run  in  a  similar  manner. 

Reaction  of  ethyl  bromide  witli  the  reaction  product  of  methacrylic  acid  and  tributyl  {^osphite.  Methac¬ 
rylic  acid  (9,6  g)  was  added  in  drops  to  25  g  of  tributyl  phosphite.  The  mixture  was  stirred  thoroughly.  After 
three  days  the  reaction  was  considered  completed  (test  for  trivalent  phosphorus  with  CuHal  showed  the  absence  of 
tributyl  phosphite).  Then  12.1  g  of  ethyl  bromide  was  added  to  the  reaction  mass.  The  reaction  mixture  was 
heated  on  the  water  bath  for  three  hours.  After  three  fractional  distillations  we  obtained  20  g  of  the  ethyl  ester 
of  fl -dibutylfiiosphonoisobutyric  acid  (Table  2,  Expt.  11). 

Reaction  of  triethyl  phosphite  with  methacrylic  acid  and  isoamyl  iodide.  A  mixture  of  20  g  of  triethyl 
phosphite,  23.8  g  of  isoamyl  iodide  and  10,3  g  of  methacrylic  acid  was  allowed  to  stand  at  room  temperatare. 
After  two  days  a  white  precipitate  appeared  in  the  flask,  the  amount  of  which  increased  with  time.  When  reac¬ 
tion  was  complete  the  precipitate  was  filtered.  The  total  amount  of  precipitate  was  11,6  g,  which  after  washing 
was  a  white  powder,  which  did  not  melt,  but  gradually  charred  at  240-250".  The  precipitate  is  insoluble  in  car¬ 
bon  tetrachloride,  ether,  chloroform,  benzene  and  dioxane,  slightly  soluble  in  acetone,  and  readily  soluble  in 
methyl  alcohol  (when  heated)  (Table  2,  Expt.  8). 

Found ‘^o;  C  54.60;  H  7.78.  P  6.03,  6.13.  M  411  (ebuUioscopically  with  methyl  alcohol).  C25H46O11P. 
Calculated  %  C  54.35;  H  8.15;  P  5.61.  M  552. 

The  analysis  data  correspond  to  the  formula 


,C.,,0,,yC„,-Cn-C00,,C„.-CH-C00C»„.,-.o 
U  CH3  GII3 

Fractional  distillation  of  the  liquid  portion  of  the  reaction  products  gave  2  g  of  ethyl  iodide,  3  g  of  diethyl- 
phosphorous  acid,  1  g  of  the  diethyl  ester  of  isoamyljrfiosphonic  acid  and  5  g  of  the  isoamyl  ester  of  0 -diethyl¬ 
phosphonoisobutyric  acid.  The  other  experiments  involving  the  joint  reaction  of  alkyl  iodides  and  methacrylic 
acid  with  trialkyl  (^osphites  were  run  in  a  similar  manner. 

Reaction  of  tributyl  phospliite  and  acrylic  acid  with  ethyl  iodide.  Acrylic  acid  (5.76  g)  was  added  in  drops 
to  20  g  of  tributyl  phosphite  and  12,5  g  of  ethyl  iodide.  The  reaction  went  with  the  evolution  of  heat  and  the 
temperature  rose  to  62".  Further  reaction  was  run  at  room  temperature.  After  two  days  the  reaction  was  con¬ 
sidered  complete  and  the  material  was  fractionally  distilled.  We  obtained  13  g  of  the  ethyl  ester  of  0  -dibutyl- 
phosphonopropionic  acid  (Table  2,  Expt.  10). 


SUMMARY 

1.  The  joint  reaction  of  a, 0 -unsaturated  acids  and  alkyl  halides  with  trialkyl  phosphites  was  investigated. 

2.  It  was  established  that,  depending  on  the  reaction  conditions  and  chemical  reactivity  of  the  reactants, 
the  reaction  can  go  in  several  directions. 

3.  Some  new  mixed  esters  of  0 -phosphonocarboxylic  acids  were  obtained. 
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1  -  AMINOMETHYL-4  -  PHTHAL  AZONE 
M.A.  Matskanova  and  G.Ia.  Vanag 


We  recently  obtained  [1]  l-nitromethyl-4-phthalazone  (I)  by  reacting  hydrazine  hydrate  with  2-nitro-l,3- 
indandione.  Since  phthalazone  derivatives  are  frequently  physiologically  active  compounds  (antituberculous 
agents,  antihypertensives,  etc.),  it  seemed  of  interest  to  prepare  some  derivatives  of  the  nitromethylphthalazone. 
To  obtain  a  water-soluble  compound  we  reduced  the  nitromethylphthalazone.  Various  reducing  agents  were 
examined,  but  tlie  best  results  were  obtained  using  hydriodic  acid  and  red  phosphoms.  With  these  reducing  agents, 
the  nitro  group  was  smoothly  reduced  to  the  amino  group,  and  die  obtained  l-aminomediyl-4-phthalazone  (II) 
was  isolated  as  the  hydriodide.  This  salt  is  readily  soluble  in  water.  As  a  compound  with  a  primary  amino 
group  it  gives  a  positive  test  with  bindone  [2],  yields  the  difficultly  soluble  nitroindandionate  [3]  and  reacts  with 
phthalic  anhydride  [4]  to  give  l-phthalimidomethyl-4-phthalazone  (III).  The  monobenzoyl  derivative  (IV)  is 
formed  when  l-aminomethyl-4-phthalazone  is  reacted  with  benzoyl  chloride  in  alkaline  medium,  and  the  di- 
acetyl  derivative  when  (II)  is  reacted  with  acetic  anliydride. 


Of  the  three  forms  possible  for  this  compound  (V-VII)  it  appears  that  (VI)  is  the  most  probable.  That  the 
amino  group  of  l-aminomethyl-4 -phthalazone  acetylates  is  obvious  from  the  fact  that  l-phthalimidomethyl-4- 
phthalazone  also  gives  an  acetyl  derivative  (VIII),  obtained  as  colorless  crystals. 
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Treatment  of  an  aqueous  solution  of  the  l-aminomethyl-4-phthalazone  hydriodide  with  hydrochloric  acid 
gives  a  precipitate  of  the  much  less  soluble  hydrochloride. 

We  were  unable  to  obtain  the  free  base  from  the  salts  in  a  pure  form.  If  a  solution  of  the  aminomethyl- 
phthalazone  salt  was  treated  with  concentrated  ammonia,  then  the  liquid  turned  a  reddish  violet  and  a  crystalline 
precipitate  deposited  rapidly.  The  filtered  precipitate  was  nearly  colorless,  while  the  filtrate  was  reddish  in  color. 
The  precipitate  had  a  pyridinelike  odor,  and  quickly  deliquesced  and  decomposed  with  die  evolution  of  ammonia. 
We  were  unable  to  recrystallize  the  free  base. 

When  the  hydrochloride  of  l-aminomethyl-4-phthalazone  was  heated  with  urea  in  water  solution, it  proved 
that  a  hydrogen  atom  on  each  of  the  amino  groups  of  urea  was  replaced  by  the  methylphthalazone  radical  with 
the  formation  of  N,N'-bis(4-phthalazonylmethyl)urea  (IX).  Only  one  molecule  of  die  l-aminomethyl-4-phthala- 
zone  reacts  with  phenylurea  to  give  (X),  while  with  N.N’-diphenylurea  the  reaction  completely  fails  to  go. 

A  white  substance  is  formed  when  the  nitromediylidithalazone  is  heated  with  zinc  dust  in  a  hydrogen  stream, 
which,  judging  from  the  melting  point,  nitrogen  content  and  other  properties,  is  indazole  (XI).  It  is  entirely  pos¬ 
sible  for  the  latter  to  be  formed  under  the  reaction  conditions. 

EXPERIMENTAL 

l-Aminomethyl-4-phthalazone  (II).  A  mixture  of  1  g  of  l-nitromethyl-4-phdialazone,  20  ml  of  hydriodic 
acid  (b.p.  124")  and  1  g  of  red  phosphorus  was  heated  in  a  small  flask  under  reflux  for  one  hour.  The  hot  solution 
was  suction -filtered  through  a  glass  filter.  The  filtrate  on  cooling  deposited  lustrous  crystals  of  the  1-araino- 
methyl-4-phthalazone  hydriodide.  The  crystals  were  filtered,  dissolved  in  alcohol,  and  precipitated  witii  ether. 
Yield  1  g,  m.p.  266-267"  (decomp.).  The  compound  is  insoluble  in  other  common  solvents,  and  is  readily  soluble 
in  water;  it  dissolves  in  ammonia  and  alkalies  with  a  red  color.  The  test  with  bindone  is  positive. 

Found N  13.74;  141.61.  CgH^ONj •  HI.  Calculated ‘^ce  N  13.87;  141.84. 

Nitroindandionate.  A  saturated  water  solution  of  l-aminomethyl-4-phthalazone  hydriodide  was  treated 
with  a  saturated  water  solution  of  2-nitro-l,3-indandione.  A  yellow  crystalline  precipitate  of  the  1 -a  mi  nomethyl - 
4-phthalazone  nitroindandionate  soon  deposited.  The  compound  is  insoluble  in  water  and  in  alcohoL  M.p.  233- 
235*  (decomp.).  For  analysis  the  salt  was  washed  several  times  with  water. 

Found  N  14.83.  CuHi405N4.  Calculated  la:  N  15.29. 

Hydrochloride.  A  water  solution  of  l-aminomethyl-4-phthalazone  hydriodide  was  treated  with  concen¬ 
trated  hydrochloric  acid.  The  hydrochloride  deposited  as  white  needle  crystals.  After  recrystallization  from  an¬ 
hydrous  alcohol,  m.p.  308*. 

Found ‘7ce  N  19.80;  Cl  17.08.  C9H9ON3 * HCl.  Calculated ‘/d  N  19.86;  Cl  16.76. 

1  -Benzamidomethyl -4-phthalazone.  A  solution  of  0.1  g  of  l-aminomethyl-4-phthalazone  hydriodide  in 
10  ml  of  2%  potassium  hydroxide  was  treated  with  two  drops  of  benzoyl  chloride  and  the  mixture  shaken  until 
the  odor  of  the  benzoyl  chloride  had  disappeared.  Within  a  few  minutes  thel-benzamidomelhyl-4-phthalazone 
deposited  as  fine  white  crystals.  After  recrystallization  from  anhydrous  alcohol,  m.p.  257-258*.  The  compound 
is  insoluble  in  alkalies.  When  heated  witii  alkali  the  compound  gradually  decomposes  with  the  evolution  of  am¬ 
monia. 

Found  %  N  14.85.  CibHjsOjNj.  Calculated  °lai  N  15.05. 

1-Phthalimidom  ethyl -4-phthalazone  (III).  A  mixture  of  1  g  of  l-aminomethyl-4-phthalazone  hydriodide, 

2.5  g  of  phthalic  anhydride,  0.5  g  of  anhydrous  sodium  acetate  and  25  ml  of  glacial  acetic  acid  was  refluxed  for 

1.5  hours.  The  precipitate  gradually  went  into  solution,  and  then  the  l-phthaliraidomethyl-4-phthalazone  began 
to  deposit  as  a  finely  crystalline  precipitate.  The  flask  contents  were  diluted  with  250  ml  of  water,  and  the  mix¬ 
ture  heated  to  the  boil  and  then  allowed  to  stand  until  the  next  day.  The  precipitate  was  separated  and  recrystal¬ 
lized  from  glacial  acetic  acid  using  activated  carbon.  M.p.  353*. 

Found  °loi  N  13.62.  CnHuOaNj,  Calculated  1<r.  N  13.77. 

.  l-Acetamidomethyl-3-acetyl-4-phthalazone  (VI).  A  mixture  of  1  g  of  1-aminom ethyl-4 -phthalazone  hy¬ 
drochloride,  2.5  g  of  anhydrous  sodium  acetate  and  25  ml  of  acetic  anhydride  was  refluxed  feu  ten  hours,  the 


acetic  anhydride  distilled  off,  and  the  residue  recrysullized  from  dilute  methanol  (1: 1).  M.p.  226-227",  The 
compound  is  insoluble  in  water,  and  readily  soluble  in  alcoholj  cautious  dilution  of  the  alcohol  solution  with 
water  until  turbidity  appeared  led  to  the  deposition  of  long  glistening  needles. 

Found  N  16.60.  CuHoOjNj.  Calculated  '7ce  N  16.22. 

l-Phthalimidomethyl-3-acetyl-4-phthalazone  (VIII).  A  mixture  of  l-phthaIimidomethyl-4-phthalazone 
and  acetic  anhydride  was  refluxed  for  ten  hours.  A  white  crystalline  precipitate  was  obtained  on  cooling.  The 
precipitate  was  separated  and  washed  with  ether.  M.p.  207". 

Found  ^<K  N  12.38.  C]9Hi3Q4N3.  Calculated  ’’Jo:  N  12.54. 

The  compound  is  soluble  in  glacial  acetic  acid  and  alcohol,  and  when  its  solutions  are  boiled, a  precipitate 
of  l-phthalimidomethyl-4-phthalazone  is  obtained.  M.p.  353*. 

N,N’ -Bis(4-phthalazonylmethyl)urea  (IX).  A  mixture  of  1  g  of  l-aminomethyl-4-phthalazone  hydrochlo¬ 
ride,  0.6  g  of  urea  (mole  ratio  1:2)  and  100  ml  of  water  was  refluxed  for  four  hours.  A  precipitate  began  to  de¬ 
posit  widiin  an  hour.  The  compound  is  insoluble  in  cold  water,  alcohol  and  glacial  acetic  acid,  and  is  soluble 
in  alkalies.  Ammonia  is  evolved  when  the  compound  is  heated  with  concentrated  caustic  solution.  After  recrys¬ 
tallization  from  hot  water,  m.p.  320-325*  with  partial  sublimation. 

Found  %  N  23.12,  22.63.  CuHigCjNe.  Calculated  N  22.34. 

Somewhat  high  results  were  frequently  obtained  when  the  compound  was  analyzed  for  nitrogen.  It  is  ob¬ 
vious  that  here  the  product  obtained  by  the  condensation  of  the  reactants  in  a  1:2  ratio  is  contaminated  with 
the  product  obtained  by  the  condensation  of  the  reactants  in  a  1:1  ratio.  However,  we  were  unable  to  isolate 
the  Indicated  compound  in  pure  form  by  fractional  crystallization. 

N-Phenyl-N*-(4-phthalazonylmethyl)urea  (X).  A  mixture  of  1  g  of  the  aminomethylphthalazone  hydro¬ 
chloride,  0.8  g  of  phenylurea  and  60  ml  of  water  was  refluxed  for  two  hours.  We  obtained  2  g  of  N-phenyl-N'- 
(4-phthalazonylmethyl)urea  from  the  reaction.  M.p.  300-301*.  The  compound  is  very  difficultly  soluble  in  al¬ 
cohol,  xylene,  dioxane  and  glacial  acetic  acid. 

Found  N  19.15.  CigHuO^N^.  Calculated  ’’joi  N  19.05. 

Indazole  (XI).  A  mixture  of  1  g  of  the  nitromethylphthalazone  and  30  g  of  zinc  dust  was  heated  in  a  glass 
tube  in  a  stream  of  hydrogen.  A  white  deposit  collected  on  the  cold  sides  of  the  tube.  The  flask  contents  after 
cooling  were  shaken  with  ether,  and  the  filtrate  was  evaporated.  The  white  residue  was  recrystallized  from  water. 
Fine  crystals  with  a  peculiar, sweet  odor.  Yield  0.05  g,  m.p.  140-143". 

Found  N  23.21.  CyHgNj.  Calculated  %  N  23.72. 

SUMMARY 

The  reduction  of  l-nitromethyl-4-phthalazone  gave  l-aminomethyl-4-phthalazone.  The  properties  of 
the  latter  were  studied,  and  some  of  its  derivatives  were  prepared. 
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COMPOUNDS  WITH  TWO  GEMINATE  INDANDIONE  GROUPS  IN  THE  MOLECULE 
II.  CONDENSATION  OF  5,6-DINITROACENAPHTHENEQUINONE  WITH  1,3-INDANDIONE 

L.S.  Geita  and  G.Ia.  Vanag 


In  [srevlous  papers  [1-6]  we  had  shown  that  many  carbonyl  compounds  condense  readily  with  1,3-indandione; 
here,  depending  on  the  ratios  of  the  two  components,  and  also  the  reaction  conditions,  it  is  frequently  possible  to 
isolate  both  indandionylene  derivatives  of  type  (I)  and  diindandionyl  derivatives  of  type  (II).  The  first  type  usually 
easily  add  another  molecule  of  the  indandione  and  migrate  to  the  second  type;  the  latter,  in  turn,  can  cleave  a 
molecule  of  the  indandione  and  revert  back  to  the  first  type. 


>\ 


/CO. 

,CH<(  >CeH4 
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Such  mutual  interconversions  were  accomplished  with  the  condensation  products  of  the  indandione  with 
benzaldehyde,  the  nitrobenzaldehydes  and  acenaphthenequinone,  whereas  with  phenanthrenequinone  and  nitro- 
phenanthrenequinone  only  compounds  of  the  (II)  type  could  be  obtained.  In  the  present  paper  we  studied  the  con¬ 
densation  of  5,6-dinitToacenaphthenequinone  with  1,3-indandione. 

When  5,6-dinitroacenaphthenequinone  is  condensed  with  1,3-indandione  in  an  equimolar  ratio  in  glacial 
acetic  acid  the  reaction  goes  in  two  directions,  and  both  red  crystals  of  5,6-dinitro-2-indandionylene-l-acenaph- 
thenone  (III)  and  colorless  crystals  of  5,6-dinitxo-2,2-diindandionyl-l-acenaphthenone  (IV)  are  formed.  To  ob¬ 
tain  pure  (III)  it  is  advisable  to  take  a  large  amount  of  solvent,  since  colorless  (IV)  is  somewhat  more  soluble  in 
glacial  acetic  acid.  In  general,both  compounds  have  nearly  the  same  solubility,  which  makes  their  complete 
separation  quite  difficult.  This  is  accompM^ed  by  repeated  boiling  with  either  chloroform  or  glacial  acetic 
acid,  or  by  careful  treatment  with  warm  pyridine.  The  use  of  alkali  to  separate  the  two  compounds  is  not  prac¬ 
tical  here,  since  (III)  is  also  soluble  in  alkali;  acidification  of  the  solution  gives  an  amorphous  precipitate,  which 
dissolves  in  sodium  bicarbonate.  From  the  literature  it  is  known  [7]  that  the  indandione  ring,  devoid  of  an  active 
hydrogen  in  the  2  position,  is  frequently  easily  cleaved  by  alkali  widi  the  formation  of  a  carboxylic  acid. 
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5.6- Dinitro-2-Indandionylene-l-4cenaphthenone  readily  adds  another  molecule  of  the  indandione,  and 
here  5,6-dinitro-2,2-diindandionyl-l-acenaphthenone  (IV) is  formed.  5,6-Dinitro-2-indandionylene-l-acenaph- 
thenone  also  adds  a  molecule  of  bromine,  but  the  obtained  dibromide  (V)  is  unstable  and  again  easily  cleaves 
bromine.  If  dibromide  (V)  is  treated  with  alcohol,  then  an  atom  of  bromine  still  remains  in  the  molecule.  The 
nature  of  this  compound  has  still  not  been  determined.  We  were  unable  to  add  hydrobromic  acid  to  the  double 
bond  of  (lU). 

5.6- Dinitro-2,2-diindandionyl-l-acenaphthenone  (IV),  obtained  by  adding  the  indandione  to  5,6-dinitro- 
2-indandionylene-l-acenaphthenone  (III),  is- more  conveniently  obtained  by  the  direct  condensation  of  5,6-di- 
nitroacenaphthenequinone  with  the  indandione  in  a  1:2  ratio  in  either  alcohol  or  glacial  acetic  acid  solution. 

The  properties  of  (IV)  in  general  resemble  those  of  the  other  geminal  diindandionyl  derivatives  studied  earlier. 

5,6-Dinitro-2,2-diindandionyl-l-acenaphthenone  dissolves  in  alkalies,  forming  salts,  but  these  enolic  salts  are 
difficult  to  isolate  in  the  pure  state.  When  treated  with  acetic  anhydride,  (IV)  is  easily  cyclized  to  the  corres¬ 
ponding  spiro-pyran  (VI).  The  latter  reacts  with  difficulty  with  ammonia  and  amines,  being  converted  to  the 
corresponding  dihydropyridines  (VII).  In  the  case  of  ammonia,  such  conversion  could  be  effected  only  by  reaction 
with  liquid  ammonia  in  a  sealed  tube. 

EXPERIMENTAL 

5.6- Dinitro-2-indandionylene-l-acenaphthenone  (III).  To  a  suspension  of  1  g  of  5,6-dinitroacenaphthene- 
quinone  in  50  ml  of  glacial  acetic  acid,  heated  to  the  boil,  was  added  1.04  g  of  the  indandione  and  five  drops  of 
concentrated  hydrochloric  acid,  and  the  boiling  was  continued.  Within  five  minutes  the  starting  substance  had 
dissolved  and  fine  red  crystals,  contaminated  with  colorless  crystals,  began  to  separate.  After  refluxing  for  15 
minutes  the  hot  solution  was  filtered,  followed  by  washing  with  hot  glacial  acetic  acid  and  then  alcohol.  The 
crude  5,6-dinitro-2-indandionylene-l-acenaphthenone  remaining  on  the  filter  weighed  0.95  g  (64.6%).  It  was 
treated  with  a  small  amount  of  warm  pyridine  to  remove-the  small  amount  of  colorless  product  present.  The 
residue  was  washed  with  alcohol  and  then  boiled  with  glacial  acetic  acid.  The  pure  5,6-dinitro-2-indandionylene- 
1-acenaphthenone  had  m.p.  300-302®.  The  compound  is  soluble  in  pyridine  and  dioxane,  and  slightly  soluble  in 
acetone,  benzene,  glacial  acetic  acid,  chloroform  and  alcohol;  it  dissolves  in  concentrated  sulfuric  acid  with  a 

*  bright -red  color,  and  in  alkali  with  a  brown  color. 

Found  %;  N  6.88.  Calculated  %:  N  7.00. 

,  After  filtering  the  red  crystals,  the  hot  glacial  acetic  acid  filtrate  deposited  colorless  crystals  of  5,6-di- 

<  nitto-2,2-diindandionyl-l-acenaphthenone  (IV),  contaminated  with  a  small  amount  of  red  crystals  of  (III). 

g 

If  the  above  condensation  is  run  on  the  water  bath,  then  the  main  product  is  the  colorless  dinitrodiindan- 
dionylacenaphthenone.  If  the  condensation  is  run  in  either  somewhat  dilute  acetic  acid  solution  or  in  alcohol, 
then  only  the  colorless  product  is  formed  (see.  further). 

5.6- Dinitro-2-indandionylene-l-acenaphthenone  dibromide  (V).  5 , 6 -Dinitro -2 -indandionylene-1  -ace- 
naphthenone  (0.5  g)  was  treated  with  10  ml  of  a  glacial  acetic  acid  solution  of  bromine  (1:20)  and  the  mixture 
boiled  gently  until  the  precipitate  dissolved,  which  required  about  ten  minutes.  Dilution  of  the  filtrate  with  water 
gave  a  white  parecipitate  of  the  5,6-dinitro-2-indandionylene-l-acenaphthenone  dibromide  (0.5  g).  The  com¬ 
pound  melts  with  decomposition  between  150  and  170*.  The'dibromide  is  unstable  and  decomposed  when  its  re¬ 
cry  staUizati  on  from  alcohol,  acetone  or  chloroform  was  attempted.  It  also  decomposes  on  standing:  it  turns 
yellow  and  develops  a  bromine  odor.  It  dissolves  in  concentrated  sulfuric  acid  with  a  bright -red  color,  and  in 
alkali  with  a  reddish-brown  color. 

Found  %  Br  28.88;  N  4.87.  C2iHg07N2Br2.  Calculated  %:  Br  28.57;  N  5.00. 

The  colorless  dibromide  was  dissolved  in  acetone.  The  orange-colored  filtrate  deposited  fine  red  crystals 
that  had  m.p.  300®.  Their  mixture  with  5,6-dinitro-2-indandionylene-l-acenaphthenone  did  not  depress  the 
melting  point.  The  acetone  had  a  strong  odor  of  bromoacetone. 

5.6- Dinitro-2,2-diindandionyl-l-acenaphthenone  (IV).  1)  A  mixture  of  2  g  of  5,6-dinitroacenaphthene- 
quinone,  50  ml  of  alcohol  and  2.08  g  of  the  indandione  was  refluxed  for  one  hour.  The  solution  turned  dark,  and 
fine  greenish  crystals  began  to  separate  from  it.  The  crystals  after  cooling  were  filtered  and  washed  with  alcohol. 
The  yield  of  5,6-dinitro-2,2-diindandionyl-l-acenaphthenone  was  3.15  g  (78.7%).  Recrystallization  from  a 
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mixture  of  chloroform  and  alcohol  gave  the  compound  as  colorless  crystals  with  m.p.  218-220*.  The  compound 
is  soluble  in  pyridine,  chloroform  and  dioxane,  and  slightly  soluble  in  acetone  and  benzene.  It  slowly  dissolves 
in  concentrated  sulfuric  acid  with  a  red  color,  and  in  alkali  with  a  reddish-brown  color.  For  analysis  the  com¬ 
pound  was  recrystallized  again  from  glacial  acetic  acid. 

Found  N  4.91,  5.24.  CgoHj409N2.  Calculated  Iv,  N  5.13. 

2)  A  mixture  of  5,6-dinitro-2-indandionylene-l-acenaphthenone,  20  ml  of  glacial  acetic  acid,  0.25  g  of 
the  indandione  and  several  drops  of  concentrated  hydrochloric  acid  was  refluxed  for  two  hours.  The  red  crystab 
gradually  decolorized.  After  washing  with  alcohol  the  colorless  crystab  had  m.p.  219-220*.  The  melting  point 
was  not  depressed  when  the  crystals  were  mixed  with  the  compound  obtained  in  the  preceding  experiment  The 
same  product  was  obtained  when  the  condensation  was  run  in  alcohol  solution. 

Cleavage  with  concentrated  sulfuric  acid.  One  gram  of  5,6-dinitro-2,2-diindandionyl-l-acenaphthenone 
was  dissolved  in  10  ml  of  concentrated  sulfuric  acid.  The  red  solution  was  suction -filtered  through  a  glass  filter 
and  then  poured  into  approximately  300  ml  of  water.  A  dark-yellow  amorphous  precipitate  was  obtained.  Re¬ 
crystallization  from  acetone  gave  the  compound  as  fine  red  crystals.  M.p.  301*.  The  mixed  melting  point  with 
pure  5,6-dinitro-2-indandionylene-l-acenaphthenone  was  not  depressed. 

Ammonium  salt.  A  mixture  of  1  g  of  5,6-dinitro-2,2-diindandionyl-l-acenaphthenone  and  25  ml  of  al¬ 
cohol  was  treated  with  1  ml  of  concentrated  ammonia.  The  substance  went  into  solution,  and  then  dark-brown 
lustrous  crystals  (0.40  g)  deposited  from  the  solution.  The  compound  was  washed  with  alcohol  and  ether.  M.p. 
165-170*.  The  compound  is  readily  soluble  in  alcohol,  and  slightly  soluble  in  water;  it  decomposes  when  its 
water  solutions  are  boiled. 

Found  N  7.11.  CjoHmObNj-  NH,.  Calculated  %  N  7.46. 

Piperidine  salt.  One  gram  of  5,6-dinitro-2,2-diindandionyl-l-acenaphthenone  was  covered  with  10  ml  of 
a  10®i?»  solution  of  piperidine  in  alcohol.  The  dipiperidine  salt  deposited  from  the  solution  as  dark-brown  needle 
crystab.  M.p.  183-186*.  The  salt  is  soluble  in  water  and  in  alcohol.  For  analysis  the  salt  was  recrystallized 
from  alcohol. 

Found '7(t  N  7.52.  CgoHnOgNj*  2C5H11N.  Calculated  %  N  7.82. 

5,6-Dinitro-l-acenaphthenone[2;4']spiro-2*,3*(CO),6*,5*(CO)-dibenzoylenepyran  (VI).  Two  grams  of  5,6- 
dinitro-2,2-diindandionyl-l-acenaphthenone  was  dissolved  in  40  ml  of  hot  acetic  anhydride,  1  ml  of  concentrated 
sulfuric  acid  was  added,  and  the  mixture  was  refluxed  for  15  minutes.  Yellow  crystab  deposited.  The  mixture 
was  heated  another  30  minutes  on  the  water  bath.  We  obtained  1.3  g  of  5,6-dinitro-l-acenaphthenone[2:4*]spiro- 
2*,3’(CO),6*,5*(CO)-dibenzoylenepyran  with  m.p.  467*.  The  compound  is  soluble  in  nitrobenzene  and  pyridine, 
and  insoluble  in  alkalies;  it  is  slightly  soluble  in  concentrated  sulfuric  acid  with  the  formation  of  a  reddish-brown 
color. 


Found  'I’K  N  5.18.  CgoHjgOgNg.  Calculated  N  5.30. 

5, 6 -Dinitro-l-acenaphthenone[2;4*]spito -2*, 3*(CO), 6*, 5*(CO)-dibenzoylene-l*,4* -dihydropyridine  (VII, 

R  =  H).  A  mixture  of  0.2  g  of  the  5,6-dinitro-l-acenaphthenonespirodibenzoylenepyran  (VI)  and  5  ml  of  liquid 
ammonia  was  allowed  to  stand  in  a  sealed  ampoule  for  a  day.  The  compound  dissolved  in  the  ammonia,  and 
the  liquid  turned  dark.  The  ampoule  was  opened,  the  ammonia  allowed  to  evaporate,  and  the  residue  was  recrys 
tallized  from  dioxane.  The  dark-red  crystab  of  5,6-dinitro-l-acenaphthenone[2;4*]spiro-2’,3’(CO),6*5|[CO)-di- 
benzoylene-1’,4* -dihydropyridine  melted  at  265*.  The  substance  is  soluble  in  nitrobenzene,  dioxane,  acetone, 
glacial  acetic  acid  and  chloroform,  and  is  slightly  soluble  in  alcohol. 

Found  %  N  8.09.  C30H13O7N3.  Calculated  N  7.97. 

SUMMARY 

Depending  on  the  conditions,  the  condensation  of  5,6-dinitroacenaphthenequinone  with  1,3 -indandione 
gave  two  products:  5,6-dinitro-2-indandionylene-l-acenaphthenone  and  5,6-dinitro-2,2-diindandionyl-l-ace- 
naphthenone.  The  latter  is  easily  cyclized  to  the  corresponding  spiro-pyran,  and  the  pyran  when  treated  with 
ammonia  is  converted  to  the  corresponding  spiro -dihydropyridine. 
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8 . 8  -  DIHA  LOPROPION  ALDEHYDES 


T.V.  Protopopova  and  A.P.  Skoldinov 


8,8-DihalopropionaldehydesCHX2CH2CHO(I,  X  •=  Cl  or  Br)  have  not  been  obtained  in  the  free  state  up  to 
now.  Only  polymeric  products  were  isolated  by  Kharasch  when  he  attempted  to  hydrolyze  l,l-dihalo-3-bromo- 
3 -a cetoxy propanes  CHX2CH2CHBr(OCOCHj)  (II,  X  =  Cl)  with  either  acidic  or  alkaline  agents  [1]. 

We  were  also  unable. to  obtain  the  aldehydes  (I)  by  the  acid  hydrolysis  of  the  corresponding  acetals 
CHX2CH2CH(0R)2  (III,  R  =  alkyl)  [2];  under  mild  conditions  the  acetals  were  recovered  unchanged,  while  under 
more  drastic  conditions  the  cleavage  of  hydrogen  halide  occurred  with  subsequent  polymerization  of  the  formed 
B-haloacroleins.  Reaction  of  (II)  (X  =  Cl  or  Br)  with  sodium  bisulfite  in  the  presence  of  excess  sulfur  dioxide 
gave  us  the  bisulfite  derivatives  of  aldehydes  (I),  but  their  treatment  with  ei±er  acids  or  bases  also  failed  to 
yield  the  free  aldehydes  (I). 

As  we  had  reported  earlier  [2],  acetals  (III)  are  easily  converted  to  the  corresponding  l,l,3-trihalo-3-al- 
koxypropanes  CHX2CH2CHX'(OR)  (IV)  when  reacted  with  either  phosphoms  pentachloride  or  thionyl  chloride.  It 
was  established  that  the  shaking  of  these  reactive  compounds  (IV)  with  water  at  room  temperature  yields  homo¬ 
geneous  water  solutions  of  aldehydes  (I),  from  which  the  latter  can  be  extracted  with  methylene  chloride  and 
then  vacuum -distilled  in  a  stream  of  nitrogen.  Later  aldehydes  (1)  were  also  obtained  in  a  similar  manner  from 
compounds  (II),  but  in  this  case  the  reaction  went  much  slower  and  with  poorer  yields  of  the  aldehyde.  Both  of 
the  aldehydes  (I)  obtained  by  us  are  liquids  with  a  sharp  specific  odor,  and  they  both  decompose  rapidly,  even  at 
room  temperature,  with  the  evolution  of  hydrogen  halide  and  the  formation  of  hard  polymers;  hydroquinone  in¬ 
hibits  the  decomposition.  8,8-Dibromopropionaldehyde  is  much  less  stable  than  the  chloro  analog,  for  which 
reason  we  were  unable  to  obtain  satisfactory  analysis  results  for  it. 

The  (1)  compounds  give  the  characteristic  reactions  for  an  aldehyde  group  and  form  the  corresponding 
crystalline  derivatives;  the  latter  easily  cleave  hydrogen  halide,  for  which  reason  they  are  unstable  when  stored, 
and  melt  with  decomposition;  they  can  be  purified  by  recrystallization  only  if  acid  is  absent;  if  such  is  not  the 
case,  for  example,  when  old  samples  are  recrystallized,  the  substance  suffers  complete  conversion  to  the  corres¬ 
ponding  B-haloacrolein  derivative. 

The  oxidation  of  (I)  (X  =  Cl)  with  concentrated  nitric  acid  gave  8,8 -dichloropropionic  acid. 

EXPERIMENTAL 

Bisulfite  derivative  of  8 , 8  -dichloropropionaldehyde.  A  mixture  of  7.5  g  of  l,l-dichloro-3-bromo-3-acet- 
oxypropane  [1],  9. 1  g  of  sodium  metabisulfite  and  25  ml  of  water  was  stirred  at  80*  with  constant  passage  of  sulfur 
dioxide  until  a  homogeneous  solution  was  obtained.  The  crystals  obtained  on  cooling  were  filtered,  and  washed 
with  water,  alcohol  and  then  ether.  Yield  4.9  g  (73‘7o). 

Found ‘7ct  Na  9.80,  9.78.  C3H504SCl2Na.  Calculated  Na  9.96. 

Bisulfite  derivative  of  8,8-dibromopropionaldehyde.  The  compound  was  obtained  in  the  same  manner  as 
above.  Yield  80%,  The  compound  is  much  less  soluble  in  water  than  the  corresponding  dichloro  derivative. 

Found  %:  Na  7.37,  7.39.  C8H504SBr2Na.  Calculated  %  Na  7.19. 

We  were  unable  to  obtain  the  corresponding  8,8-dihalopropionaldehydes  when  the  bisulfite  derivatives 
were  treated  with  either  sodium  bicarbonate  solution  or  1%  hydrochloric  acid  at  35-40*,  followed  by  extraction 
with  methylene  chloride. 


f 

I 
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fl.fl-Dichloropropionaldehyde 

An  emulsion  of  10  g  of  l,l,3-trichloro-3-methoxypropane  [2]  in  125  ml  of  water  was  shaken  for  three  hours 
at  room  temperature,  after  which  the  water  solution  was  separated,  the  residue  treated  with  25  ml  of  water,  and 
the  shaking  continued  for  another  hour,  at  the  end  of  which  time  the  amount  of  residue  did  not  exceed  1.0-1. 5  g. 
llie  combined  water  solutions  were  saturated  with  sodium  chloride  and  dien  repeatedly  extracted  with  methylene 
chloride.  The  extracts  were  dried  over  magnesium  sulfate.  The  solvent  was  removed  in  vacuo  at  room  tempera¬ 
ture,  and  the  residue  was  distilled  in  a  stream  of  nitrogen.  We  obtained,5.0  g  (70*70)  of  colorless  liquid  with  a 
sharp  specific  odor. 

B.p.  43-44*  (10  mm),  np^®  1.4660,  1.3579,  MR^  25.87;  calc.  25.79. 

Found  *70:  C  28.53,  28.35;  H  3.56,  3.49;  Cl  54.76,  55.02,  CjH^CXIla.  Calculated  <7oe  C  28.34;  H  3.17; 

Cl  55.91. 

The  aldehyde  was  also  obtained  in  a  similar  manner  from  l,l-dichloro-3-bromo-3-acetoxypropane  (time 
of  hydrolysis  six  hours,  yield  35%). 

0,6-Dichloropropionaldehyde  is  soluble  in  the  common  organic  solvents,  and  is  insoluble  in  water.*  On 
standing  for  one  to  two  hours  it  decomposes  with  the  evolution  of  hydrogen  chloride  a*nd  the  formation  of  hard 
polymeric  products;  the  decomposition  is  greatly  inhibited  if  the  compound  is  kept  in  the  cold  with  trace  amounts 
of  hydroquinone. 

The  p-nitrophenylhydrazone  was  obtained  by  mixing  a  water  solution  of  0.2  g  of  p-nitrophenylhydrazine 
hydrochloride  with  an  alcohol  solution  of  0.2  g  of  the  aldehyde;  for  purification  the  reaction  product  was  dis¬ 
solved  in  alcohol  and  thai  precipitated  with  water,  m.p,  101“  (decomp.);  soluble  in  alcohol  and  ether.  The 
compound  decomposes  rapidly  with  the  evolution  of  hydrogen  chloride. 

Found  <7s  N  16.17,  15.81;  Cl  26.80,  26.62.  C9H9O2NSCI2.  Calculated  N  16.03;  Cl  27.09. 

The  dimedone  derivative  was  obtained  by  mixing  a  solution  of  0.5  gof  dimedonein  50*70  alcohol  with  an  al- 
^  cohol  solution  of  0.2  g  of  the  aldehyde;  after  two  days  we  obtained  0.4  g  of  white  crystals,  m.p.  127.5-128*. 

Found  *7<r  Cl  17.99,  17.98.  Ci9H2604C]2.  Calculated  '7<*  Cl  18.25. 

»  The  bisulfite  derivative  was  obtained  by  shaking  an  alcohol  solution  of  the  aldehyde  with  a  water  solution 

of  sodium  metabisulfite;  the  properties  and  analysis  results  correspond  to  those  given  above. 

Semicarbazone.  A  water  solution  of  1.1  g  of  semicarbazide  hydrochloride  and  1.4  g  of  sodium  acetate  was 
gradually  added  to  a  solution  of  1,2  g  of  the  aldehyde  in  alcohol;  the  obtained  precipitate  was  filtered,  washed 
with  alcohol,  then  with  water,  and  immediately  recrystallized  from  aqueous  alcohol.  M.p.  72-74"  (decomp.). 

Found  °h  N  22.53,  22.69;  Cl  38.55,  38.74.  C4H7ON3CI2.  Calculated  %  N  22.82;  Cl  38.58. 

A  sample  of  the  semicarbazone,  recrystallized  twice  from  aqueous  alcohol,  when  exposed  to  the  air  for 
several  hours  began  to  evolve  hydrogen  chloride,  and  here  we  obtained  a  compound  with  m.p.  133-134*,  which 
from  the  analysis  results  is  the  semicarbazone  of  6 -chloroacroleir. 

Found  N  28.60,  28.71;  Cl  23.65,  24.46.  C4H6ON8CI.  Calculated  ‘7<t  N  28.34;  Cl  24.02. 
6,fl-Dibromopropionaldehyde 

Obtained  in  the  same  manner  as  fl,fl-dichloropropionaldehyde  (see  above)  from  13.3  g  of  l,l-dibromo-3- 
chloro -3 -methoxy propane  [2].  After  fractional  distillation  in  vacuo  in  a  stream  of  nitrogen  we  obtained  6.5  g 
(60%)  of  die  compound. 

B.p.  49.5-50“  (2.5  mm),  n^*®  1,5385,  d4“  2.0769,  MRp  32.40;  calc.  31.60. 

The  aldehyde  has  a  sharp  specific  odor,  is  extremely  unstable,  and  decomposes  rapidly  with  the  evolution 
of  hydrogen  bromide  and  the  formation  of  hard  polymeric  products. 

•Aldehydes  (I)  after  extraction,  drying  and  distillation,  are  insoluble  in  water,  although  homogeneous  solutions 
(either  the  hydrated  form  or  the  polyacetal? )  are  formed  when  the  (II)  compounds  are  hydrolyzed. 
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Found  ‘55x  C  17.96,  18.14;  H  2.04,  2.24;  Br  72.78,  73.05.  C3H40Br2.  Calculated  C  16.76;  H  1.86;  Br 

74.02. 

The  p-nitrophenylhydrazone  was  obtained  by  mixing  an  alcohol  solution  of  0.5  g  of  fl,fl-dibromopropion- 
aldehyde  with  a  water  solution  of  0.5  g  of  p-nitrophenylhydrazine  hydrochloride.  Yield  0.45  g,  m.p.  80-82“  (de¬ 
comp.). 

Found  %  N  11.79,  11.68.  CjHgOjNsBr^.  Calculated  %  N  11.97. 

The  compound  decomposes  when  its  recrystallization  is  attempted:  when  kept  in  the  air  it  changes  rapidly 
with  the  evolution  of  hydrogen  bromide. 

Dimedon  derivative,  m.p.  119-120”. 

Found  °]a  Br  33.36,  33.37.  C;9H2604Bt2.  Calculated  'Ife  Br  33.47. 

The  bisulfite  derivative  was  obtained  by  shaking  an  alcohol  solution  of  the  aldehyde  with  a  water  solution 
of  sodium  m  eta  bisulfite;  the  properties  and  analysis  results  correspond  with  those  described  above. 

Semicarbazone.  A  water  solution  of  0.25  g  of  semicarbazide  hydrochloride  and  0.35  g  of  sodium  acetate 
was  added  gradually  to  a  solution  of  0.5  g  of  the  aldehyde  in  alcohol.  We  obtained  0.55  g  of  the  semicarbazide 
with  m.p.  124.5-126“  (decomp.). 

Found  la  N  15.63,  15.69.  C4H70N3Br2.  Calculated  N  15.38. 

After  recrystallization  from  aqueous  alcohol,  a  sample  of  the  semicarbazone  was  allowed  to  stand  in  the 
air  for  several  hours,  and  here  we  obtained  a  substance  with  m.p.  138.5”  (decomp.),  which  from  the  analysis  re¬ 
sults  is  the  semicarbazone  of  0  -bromoacrolein. 

Found  la  N  22.07,  22.06.  C4H60N,Br.  Calculated  %  N  21.87. 

Oxidation  of  0 , 0 -dichloropropionaldehyde.  0,0-Dichloropropionaldehyde  (3.2  g)  was  added  slowly  to  5  ml 
of  nitric  acid  (d  1.48).  A  copious  evolution  of  nitrogen  oxides  began  within  30  minutes.  The  next  day  the  mix¬ 
ture  was  cautiously  heated  on  the  water  bath  for  seven  hours  until  all  of  the  nitrogen  oxides  had  been  removed, 
after  which  it  was  diluted  with  water,  and  then  extracted  with  ether  and  methylene  chloride.  The  residue  after 
evaporating  the  solvents  was  fractionally  distilled  in  vacuo.  We  obtained  1.5  g  (41%)  of  0,0-dichloropropionic 
acid  with  b.p.  76-78”  (1.5  mm),  which  crystallized  completely  on  cooling;  m.p.  54.5-55"  (from  petroleum  ether) 
[3]. 


SUMMARY 

The  new  0,0-dichloro-  and  0,0-dibromopropionaldehydes  were  obtained  by  the  hydrolysis  of  1,1,3-trihalo- 
3 -a Ikoxy propanes  under  mild  conditions  and  their  properties  were  characterized.  The  derivatives  of  these  alde¬ 
hydes  easily  lose  hydrogen  halide,  being  converted  to  the  corresponding  0 -haloacrolein  derivatives. 
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N  -  ARYLSULFONAMIDE  DERIVATIVES  OF  DIETHANOLAMINE 


A.E.  Kretov  and  G.V.  Tikhonova 


Substituted  ethanolamines  have  received  much  discussion  in  the  literature,  especially  in  review  papers  and 
monographs.  The  arylsulfonamide  derivatives  of  monoethanolamine  and  diethanolamine  have  hardly  been  studied. 

The  purpose  of  the  present  investigation  was  to  synthesize  and  study  the  properties  of  the  indicated  type 
of  compounds,  and  first  those  derived  from  diethanolamine  and  arylsulfonyl  chlorides. 

ArSOiCl  +  2HN(GH2GH20H)2->-  ArS02N(GH2GH20H)2  +  HGl  •  HN(GH2GH20H)2 

The  N,N-bis(2-hydroxyethyl)arylsulfonamides  formed  according  to  this  reaction,  as  well  as  their  derivatives, 
should  undoubtedly  possess  practical  interest.  From  the  literature  it  is  known  that  the  neutral  esters  of  these  com¬ 
pounds,  as  well  as  the  esters  of  N-alkyl-N-(2-hydroxyethyl)arylsulfonamides,  have  been  suggested  useful  as  plas¬ 
ticizers  and  waxes  [1,  2]. 

N,N-Bis(2-hydroxyethyl)-p-toluenesulfonamide  was  synthesized  from  ethylene  chlorohydrin  and  the  sodium 
derivative  of  p-toluenesulfonamide,  going  through  N-(2-hydroxyethyl)-p-toluenesulfonamide.  Here  the  product 
was  obtained  in  18%  yield  as  a  slowly  crystallizing  viscous  sirup  [3].  Some  information  is  given  in  one  of  the 
patents  on  the  preparation  of  N,N-bis(2-hydroxyethyl)-p-toluenesulfonamide  and  N,N-bis(2-hydroxyethyl)-2- 
naphthalenesulfonamide  from  diethanolamine  and  the  proper  arylsulfonyl  chloride  in  the  presence  of  aqueous 
soda  solution  [2].  The  compounds  obtained  using  this  method  frequently  differ  in  their  properties  from  those  syn¬ 
thesized  by  us. 

We  synthesized  the  following  N,N-bis(2-hydroxyethyl)arylsulfonamides: 

ArS02N(GH2GH20H)2 

(I)  Ar  =  C.H,,  (II)  Ar  =  C,H,Cl-p.  (Ill)  Ar  =  C,H,NO,-p,  (IV)  Ar  =  C,H,CH,-p,  (V)  Ar  -=  C,H«CH,-o; 

(VI)  Ar  =  C,H,C1N0,-1,  2,  (VII)  AT  =  P-C,oH,. 

To  synthesize  N,N-bis(2-hydroxyethyl)benzenesulfonamide  and  N,N-bis(2 -hydroxy ethyl) -p-chlorobenzene- 
sulfonamide  we  first  used  die  method  of  heating  equimolar  amounts  of  the  sulfonyl  chloride  and  amine  in  the 
presence  of  one  equivalent  of  aqueous  caustic  solution  [4].  However,  we  were  unable  to  obtain  the  desired  pro¬ 
ducts  widi  this  procedure.  In  the  case  of  benzenesulfonyl  chloride  we  isolated  a  substance  with  m.p.  128*,  ap¬ 
parently  of  the  same  composition  as  (CeH5S020CH2CH2)2NS02C6H6,  as  the  calculated  N  for  this  compound  is  2.66%, 
while  the  obtained  product  had  2.8%  N. 

The  attempted  synthesis  of  diethanolamine  derivatives  of  arylsulfonamides  from  equimolar  amounts  of  di¬ 
ethanolamine  and  the  proper  arylsulfonyl  chloride  in  the  presence  of  pyridine  (based  on  the  well-known  reaction 
[1,  5])  also  gave  negative  results. 

In  the  case  of  p-chlorobenzenesulfonyl  chloride  we  isolated  here  a  pure  hi^ -melting,  nitrogen-free  com¬ 
pound,  in  its  composition  corresponding  to  the  sodium  salt  of  p-chlorobenzenesulfonic  acid.  Only  N,N-bis(2- 
hydroxyethyl)-2-naphthalenesulfonamide  was  obtained  with  this  procedure  in  25%  of  the  theoretical  yield. 

The  other  compounds  were  synthesized  by  a  new  method,  based  on  the  reaction  of  a  double  amount  of  di¬ 
ethanolamine  with  the  proper  arylsulfonyl  chloride  in  the  absence  of  a  base,  with  refluxing  in  o-xylene  for  five 
hours. 
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With  the  exception  of  the  o-toluenesulfonamide  derivative,  the  N,N-bis(2-hydroxyethyl)arylsulfonamides 
are  crystalline  compounds.  They  are  all  insoluble  in  alkalies,  in  cold  water  and  in  petroleum  ether,  are  easily 
soluble  in  acetone  and  alcohol,  soluble  in  boiling  benzene,  and  slightly  soluble  in  carbon  tetrachloride.  They 
were  purified  by  recrystallization  from  a  suitable  solvent. 

To  prove  the  stmcture  of  the  synthesized  compounds  we  studied  some  of  their  chemical  properties,  and 
specifically  the  preparation  of  the  chlorides  and  bromides.  We  used  thionyl  chloride  [3]  to  replace  the  hydroxyl 
group  by  chlorine,  since  the  other  methods  examined  proved  to  be  less  suitable.  To  replace  the  hydroxyl  group 
by  bromine  we  reacted  a  solution  of  the  N,N-bis(2-hydroxyethyl)atylsulfonamide  with  gaseous  hydrogen  bromide. 

The  following  halo  derivatives  of  N,N-bis(2-hydroxyethyl)arylsulfonamides  were  prepared: 

ArS02N(CH2GH2X)2 

(VIII)  Ar  =  C,H„  X  =  Cl;  (IX)  Ar  =  C,H4Cl-n,  X  -  Cl;  (X)  At  =  C,H,CHj-o,  X  =  Cl; 

(XI)  Ar  =  C.Hs,  X  =»  Br :  (XII)  Ar  =  C,H,NO,-p,  X  ^  Br. 

All  of  the  obtained  halo  derivatives  of  N,N-bis(2 -hydroxy ethyl)atylsulfonamides  are  crystalline  compounds. 
They  are  insoluble  in  water,  readily  soluble  in  acetone,  carbon  tetrachloride  and  benzene  and  more  difficultly 
soluble  in  alcohol  and  petroleum  ether.  The  bromides  attack  the  mucous  membranes  of  the  eyes  and  nose. 

EXPERIMENTAL 

Reaction  of  Diethanolamine  with  Arylsulfonyl  Chlorides 

A.  A  mixture  of  0.05  mole  of  arylsulfonyl  chloride,  0.11  mole  of  diethanolamine  and  25-30  ml  of  o-xy- 
lene  was  boiled  for  five  hours  in  a  flask  fitted  with  a  reflux  condenser  and  mechanical  stirrer.  The  reaction  mass 
after  cooling  was  removed  from  the  flask,  and  the  o-xylene  solution  was  separated  in  a  separatory  funnel  (a  pre¬ 
cipitate  was  obtained  in  the  case  of  p-chlorobenzenesulfonyl  chloride,  which  was  filtered  and  treated  with  10®^ 
sodium  hydroxide  solution).  The  residual  sirupy  liquid  was  treated  with  10*70  sodium  hydroxide  solution  and  the 
obtained  precipitate  was  filtered.  In  the  case  of  the  benzene-,  p-toluene-  and  o-toluenesulfonyl  chlorides,an 
emulsion  was  formed  with  the  caustic  solution,  which  had  to  be  decomposed  with  acid,  and  then  the  compound 
was  separated  in  conventional  manner.  The  precipitate  was  filtered,  dried  and  recrystallized.  The  compounds 
obtained  as  viscous  oils  were  washed  with  water,  dissolved  in  acetone,  the  solution  dried  over  fused  potash,  and 
the  acetone  vacuum -distilled.  The  derivative,  obtained  from  benzenesulfonyl  chloride  in  this  manner,  crystal¬ 
lized  after  standing  for  ten  days. 

To  obtain  an  accurate  accounting  of  the  reaction  products,  the  alkaline  filtrate  was  acidified  under  cooling 
with  concentrated  hydrochloric  acid  until  acid  to  Congo,  then  evaporated  in  vacuo,  the  residue  dissolved  in  a 
mixture  of  alcohol  and  acetone,  the  sodium  chloride  separated,  and  the  solvents  removed  by  vacuum -distillation. 
The  residual  thick,  colored  liquid  contained  excess  diethanolamine  and  secondary  reaction  products,  which  were 
not  investigated.  The  xylene  was  removed  from  the  o-xylene  solution  by  vacuum -distillation. 

The  following  compounds  were  synthesized  with  the  indicated  procedure: 

N,N-Bis(2-hydrcxyethyl)benzenesulfonamide  (I),  yield  74.3*7>.  ni.p.  60-64*  (from  carbon  tetrachloride). 

Found  %  N  5.76,  CioHjgO^NS.  Calculated  %  N  5.71. 

N,N-Bis(2-hydroxyethyl)-p-chlorobenzenesulfonamide  (11),  yield  19.9%  colorless  scales,  m.p.  88-89"  (from 
benzene). 

Found  %  N  5.10.  C10H14Q4NSCI,  Calculated  %  N  5.00. 

N,N-Bis(2-hydroxyethyl)-p-nitrobenzenesulfonamide  (III),  yield  32.2%,  yellow  crystals  with  m.p.  128-130* 
(from  n-butyl  alcohol). 

Found  %  N  9.30.  CioH^OjNjS.  Calculated  %  N  9.60. 

N,N-Bis(2 -hydroxy ethyl) -p-toluenesulfonamide  (IV),  yield  84.9*7o,  colorless  crystals  with  m.p.  101.5-103* 
(from  water). 

Found  %  N  5.60,  C1JH17Q4NS.  Calculated  %i  N  5.40. 
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N,N-Bis(2-hydroxyethyl)-o-toluenesulfonamide  (V),  yield  ^A.GPjo,  clear  amber  sirup. 

Found  °hi  N  5.66.  CuHjyQiNS.  Calculated  N  5.40. 

N,N-Bls(2-hydroxyethyl)-l,2-chloronitrobenzenesulfonamide  (VI),  yield  21‘5fc,  yellow  crystals,  m.p.  145-146* 

(from  ethanol). 

Found  %  N  8.63;  S  10.40.  CioHisOeNjClS.  Calculated  %  N  8.62;  S  9.86. 

To  increase  the  yield  of  N,N-bis(2-hydroxyethyl)-l,2-chloronitrobenzenesulfonamide  we  ran  experiments 
In  which  the  time  of  heating  in  o-xylene  was  increased  to  ten  hours,  and  also  experiments  in  which  the  1,2- 
chloronitrobenzenesulfonamide  was  added  slowly  in  drops  to  the  reaction  sphere.  These  experiments  failed  to 
Improve  the  results. 

B.  A  mixture  of  0.05  g-mole  of  2-naphthalenesulfonyl  chloride,  0.05  g-mole  of  diethanolamine,  4.0  ml 
of  anhydrous  pyridine  and  25  ml  of  o-xylene  was  boiled  for  five  hours  in  a  flask  fitted  with  a  reflux  condenser 
and  mechanical  stiner.  The  reaction  mixture  was  worked  up  in  conventional  manner.  The  condensation  product 
was  isolated  from  solution  after  distilling  off  the  solvents  in  vacuo.  The  N,N-bis(2-hydroxyethyl)-2-naphthalene- 
sulfonamide  (VII)  (yield  25*55))  was  recrystallized  from  petroleum  ether,  m.p.  135-138".* 

Found  %  N  4.55.  CnHiyO^NS.  Calculated  '’Jo:  N  4.74. 

Preparation  of  Halo  Derivatives 

To  prepare  the  chloro  derivatives  the  N,N-bi8(2-hydroxyethyl)arylsulfonamide  (I  -  0.004  g-mole,  II  - 
0.0107  g-mole,  V  -  0.015  g-mole)  was  charged  into  a  small  reaction  flask  fitted  with  stirrer,  dropping  funnel, 
thermometer  and  reflux  condenser,  and  then  thionyl  chloride  (respectively,  0,0096,  0.026  and  0.037  g-mole)  was 
added  in  drops  and  with  good  cooling.  The  temperature  of  the  reaction  mixture  was  not  allowed  to  exceed  10*. 

After  all  of  the  thionyl  chloride  had  been  added, the  stirring  and  cooling  was  continued  for  another  four  hours, 
after  which  the  reaction  mixture  was  allowed  to  stand  overnight.  The  next  day  the  mixture  was  heated  at  60-70* 
for  two  hours,  and  at  100*  for  one  hour.  Then  the  reaction  mixture  was  cooled  and  poured  into  cold  water.  The 
solid  product  was  filtered,  washed  thoroughly  with  water,  dried  and  recrystallized.  A  viscous  liquid  was  obtained 
from  N,N-bis(2-hydroxyethyl)-o-toluenesulfonamide,  which  failed  to  solidify  on  long  cooling.  The  liquid  was 
•  washed  with  water,  dissolved  in  benzene,  the  solution  dried  over  anhydrous  sodium  sulfate,  and  ihe  benzene 

;■  vacuum -distilled.  The  yield  of  pure  chloride  was  22.1%  After  recrystalUzation  from  petoleum  ether,  N,N- 

J  bis(2-chloroethyl)benzenesulfonamide  (VIII)  had  m.p.  47-48*  [6]. 

I  Found  %  N  5.03.  CioHjjOjNCljS.  Calculated  %  N  4.96. 

N,N-Bis(2-chloroethyl)-p-chlorobenzenesulfonamide  (K),  yield  18.0*7o,  m.p.  84-85*  (from  petroleum  ether) 

[6]. 

Founds  S  10.35;  Cl  33.52.  CiflHjjOzNClsS.  Calculated  S  10.11;  Cl  33.64. 

N,N-Bis(2-chloroethyl)-o-toluenesulfonamide  was  obtained  as  a  dark -yellow  sirup.  The  yield  of  technical 
chloride  was  51.75%, 

Found  %  Cl  22.90.  CnHisOjNCljS.  Calculated  %  Cl  23.90. 

To  synthesize  the  bromo  derivatives  we  dissolved  0.004  g-mole  of  N,N-bis(2-hydroxyethyl)benzenesulfon- 
amide  in  10  ml  of  hydrobromic  acid,  and  0.0008  g-mole  of  N,N-bis(2-hydroxyethyl)-p-nitrobenzenesulfonamide 
in  10  ml  of  o-xylene;  gaseous  hydrogen  bromide  was  then  passed  through  the  respective  solutions  for  two  hours 
witii  heating  (on  the  boiling-water  bath),  after  which  the  reaction  mixtures  were  allowed  to  stand  overnight.  The 
bromide  formed  in  the  first  experiment  was  filtered,  washed  thoroughly  with  water,  dried,  and  recrystallized  from 
methyl  alcohol.  To  isolate  the  second  bromide  the  o-xylene  solution  was  evaporated  in  vacuo;  the  residue  washed 
with  water,  dried,  and  then  recrystallized  from  methyl  alcohol, 

N,N-Bis(2-btomoethyl)benzenesulfonamide  (XI)  was  obtained  in  35.4% yield,  and  had  m.p.  94-95*. 

Found  %  Br  44.33.  CioH]302NBr2S.  Calculated  %  Br  43.96. 

•From  the  literature  [2]:  m.p.  92-94*. 
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N,N-Bls(2-bromoethyl)-p-nitrobenzenesulfonamide  (XII)  was  obtained  in  31. 0*^  yield,  and  had  m.p.  152- 


153”. 

Found  %  S  7.32.  CioHi2Q4N2Br2S.  Calculated  %  S  7.69. 

The  obtained  yields  of  the  bromides  cannot  be  considered  as  being  the  maximum,  since  the  losses  incurred 
in  working  with  small  amounts  of  materials  were  relatively  great. 

SUMMARY 

1.  The  condensation  of  diethanolamine  with  arylsulfonyl  chlorides  was  investigated,  and  a  new  method  for 
the  synthesis  of  N,N-bis(2-hydroxyethyl)arylsulfonamides  was  proposed. 

2.  It  was  shown  that  in  the  presence  of  aqueous  caustic,  or  of  pyridine,  the  reaction  to.  give  N,N-bis(2-hy- 
droxyethyl)arylsulfonamides  either  does  not  go  or  it  leads  to  the  formation  of  quite  impure  products, 

3.  Ten  new  arylsulfonamide  derivatives  were  synthesized  and  characterized. 
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ETHERS  OF  GLYCOLS  AND  THEIR  DERIVATIVES 


XXXV.  SYNTHESIS  OF  S.y-DIBROMO  DERIVATIVES  OF  ETHERS  OF  METHYLENE  GLYCOL 


Shamkhal  Mamedov  and  D.  Khydyrov 


One  of  us  had  proposed  a  method  for  the  synthesis  of  both  symmetrical  and  unsymmetrical  methylene  gly 
col  ethers  [1]. 

In  this  paper  the  method  v/as  applied  to  the  preparation  of  the  0,y-dibromo  derivatives  of  methylene  gly 
col  ethers,  which,  as  is  known  from  the  literature,  have  remained  completely  unstudied.  The  reaction  can  be 
depicted  by  the  scheme. 


,G1  ^OR 

^2  4-CH2Br— CHBr— GH2OH  — ^  GH2— O— GHj— GHBr— GHaBr 

0-R 

(I)  (II)  (III) 

j  fl,y-Dibromopropyl  alcohol  (II)  has  received  little  study,  and  the  data  given  in  the  literature  regarding  its 

namre  and  constants  are  contradictory  [2]. 

Our  experiments  on  the  matter  revealed  that  the  fl,y-dibromopropyl  alcohol  obtained  by  us  under  the  gen¬ 
erally  known  conditions  [3-9],  also  used  by  V.D.  lasnopol’skii  in  his  attempted  preparation  of  the  alcohol  [2], 
contrary  to  the  data  given  by  lasnopol'skii,  distills  at  213-214*  at  atmospheric  pressure, with  considerable  decom¬ 
position.  The  constants  of  the  pure  product,  obtained  by  vacuum -distillation,  are  quite  different  from  those 
given  in  lasnopoTskii's  paper. 

In  his  paper, lasnopol'skii  states  that  the  reaction  of  the  0,y-dibromopropyl  alcohol  obtained  by  him  with 
benzoyl  chloride  enabled  him  to  obtain  the  benzoate  of  6,y-dibromopropyl  alcohol  (V)  with  m.p.  86-88*.  How¬ 
ever,  he  failed  to  support  his  conclusions  by  ajjy  analytical  data,  limiting  himself  only  to  a  melting  point  deter¬ 
mination  of  the  obtained  product.  For  this  reason  we  decided  to  repeat  this  portion  of  V.D.  lasnopoTskii’s  work, 
and  must  confess  that  all  of  the  conclusions  given  by  lasnopol'skii  in  the  indicated  paper  are  entirely  different 
from  the  acmality. 

Further, lasnopol'skii  writes  that  he  was  able  to  synthesize  a  new  cyclic  ester  from  the  fl,y-dibromopropyl 
benzoate  obtained  by  him.  However,  verification  of  the  author’s  data  (0.1310  g  substance,  21.25  g  benzene, 
0.174“)  revealed  that  he  made  an  error  in  the  calculations,  for  the  molecular  weight  found  by  the  author  is  ac¬ 
tually  equal  to  182.2,  and  not  321.6,  as  given  in  the  paper  for  the  cyclic  ester. 

We  were  able  to  synthesize  fl.y-dibromopropyl  benzoate  (V)  by  reacting  benzoyl  chloride  with  0,y-di- 
bromopropyl  alcohol,  and  the  compound  proved  to  be  an  oily  liquid,  and  not  the  crystalline  product  with  m.p. 
86-88“,  as  indicated  by  V.  lasnopol’skii. 

The  composition  of  the  dibromo  ester  (V)  obtained  by  us  was  established  by  complete  elemental  analysis 
and  determination  of  the  molecular  weight,  while  the  structure  was  established  by  saponification  with  alkali. 

In  addition,  to  verify  the  obtained  data,  we  synthesized  fl, y-dibromopropyl  benzoate  (V)  by  the  bromina- 
tion  of  allyl  benzoate  (IV)  in  the  cold. 
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CgHfiGOOCHa— CH=CH2  —i  C0II5COOCH2— GHBr— CflaHr 
(IV)  (V) 

The  constants  of  the  esters,  obtained  by  the  two  methods,  showed  complete  agreement. 

Consequently,  the  reported  synthesis  of  a  cyclic  ester  (ester  of  l-hydroxymethylcyclopropane-2,2-dicar- 
boxylic  acid)  by  V.  lasnopoTskii  also  proved  to  be  erroneous,  since  the  starting  material  that  the  author  used  in 
the  Perkin  synthesis  was  actually  not  suitable. 

Having  answered  some  of  the  questions  connected  with  fl,y -dibromopropyl  alcohol  (being  the  starting  ma¬ 
terial  in  our  subsequent  syntheses), we  synthesized  a  number  of  alkyl  6,y-dibromopropyl  ethers  of  methylene  gly¬ 
col  (III),  this  being  the  main  purpose  of  our  study,  and  established  that  these  ethers  are  readily  obtained  in  40*55) 
yield  by  reacting  a-chloro  ethers  (I)  with  0,y-dibromopropyl  alcohol  (II)  in  anhydrous  benzene  in  the  presence 
of  70^0  NaOH.  The  composition  of  the  synthesized  dibromo  ethers  (III)  was  shown  by  their  complete  analysis, 
while  the  structure  was  shown  by  hydrolysis,  which  led  to  the  formation  of  fl,  y-dibromopropyl  alcohol,  formal¬ 
dehyde  and  the  corresponding  alcohols. 

To  verify  the  obtained  data  we  synthesized  the  dibromo  ethers  (III)  by  the  bromination  of  the  unsaturated 
alkyl  allyl  ethers  of  methylene  glycol  (VI)  in  the  cold. 

^OR  ^OR 

CH2-OCH2— CH=CH2  ^  CH2— OCH2— CHBr— GHjBr 
(VI)  (III) 

The  constants  of  the  dibromo  ethers,  obtained  by  the  two  methods,  showed  complete  agreement. 

EXPERIMENTAL 

Synthesis  of  fl, y-dibromopropyl  alcohol  (II).  Bromine  (100  g)  was  added  in  drops,  with  vigorous  stining 
and  cooling  (ice  +  salt),  to  36  g  of  allyl  alcohol.  After  washing  and  drying,  the  reaction  products  were  fraction¬ 
ally  distilled  in  vacuo  to  give  108  g  (80*55))  of  fl, y-dibromopropyl  alcohol  (II). 

B.p.  213-214'  (decomp.),  117-119"  (17  mm),  d^^®  2.1569,  np^®  1.5625,  MRp  32.8;  calc.  33.11. 

Literature  [3,  8, 10]:  b.p.  118"  (17  mm),  219"  (decomp.),  d"*  2.1682.^* 

Found  %  C  17.17;  H  2.93;  Br  73.42.  CjHeOBrj.  Calculated  %  C  16.52;  H  2.75;  Br  73.39. 

Synthesis  of  fl,  y-dibromopropyl  benzoate  (V).  A  mixture  of  145  g  of  benzoyl  chloride,  218  g  of  fl, y-di¬ 
bromopropyl  alcohol  and  300  g  of  anhydrous  benzene  was  treated  dropwise  with  60  ml  of  70*55)  NaOH  (in  35  min¬ 
utes),  with  stirring  and  cooling  (ice  +  salt).  The  stirring  was  continued  for  two  hours  with  cooling  and  then  for 
30  minutes  at  60-70".  After  washing,  drying  and  removal  of  the  solvent  we  obtained  206  g  of  an  oily  liquid, 
from  which  we  obtained  180  g  (56*55))  of  fl ,  y -dibromopropyl  benzoate  (V)  by  two  vacuum -distillations. 

B.p.  155-157’  (4  mm),  f.p.  -  18";  d4^®  1.6890,  np^®  1.5692,  MRp  62.48;  calc.  61.96.  - 

Found ‘7(*  C  37.23,  37.25;  H  3.17,  3.20;  Br  49.05,  49.30.  M  321.4.  CioHio02a:2- Calculated  *55*  C  37.26; 
H  3.11;  Br  49.69.  M  322. 

Synthesis  of  allyl  benzoate  (IV).  A  50*70  NaOH  solution  (90  g)  was  added  with  stirring  at  room  temperature 
to  a  mixture  of  58  g  of  allyl  alcohol,  147  g  of  benzoyl  chloride  and  200  ml  of  anhydrous  benzene.  After  the 
usual  workup  we  obtained  89  g  (55*7©)  of  allyl  benzoate  (IV). 

B.p.  118-120"  (21  mm),  d^^®  1.0556,  np^®  1.5192,  MRp  46.62;  calc.  45.97. 

Literature  [11];  b.p.  228",  d4^  1.0671,  dis“  1.0578. 

Found  *7ce  C  73.82,  73.77;  H  6.27,  6.30.  C10H10O2.  Calculated  °]ai  C  74.07;  H  6.17. 

*As  in  original  —  Publisher’s  note. 

♦•The  constants  given  in  V.  lasnopoTskii *s  paper  [2]  for  fl,y -dibromopropyl  alcohol  (b.p.  205.5-206",  d4*®  1.8960; 
np*®  1.5360)  do  not  agree  with  either  the  literature  or  our  data. 


Alkyl  S.y -Dibromopropyl  Ethers  of  Methylene  Glycol  (III) 
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Bromination  of  allyl  benzoate  (IV).  Bromine  (24  g)  was  added  with  strong  cooling  (~15®)  and  stirring  to  a 
solution  of  24  g  of  the  benzoate  in  100  ml  of  anhydrous  ether.  After  washing,  drying  and  removal  of  the  solvent 
by  distillation  we  obtained  38,5  g  (80%)  of  6,y-dibromopropyl  benzoate  (V), 

B.p.  150-151“  (3  mm).  d4^®  1.6865,  no^®  1.5704,  MRp  62.69.  CioHioOzBr.  Calculated  61.96. 

Saponification  of  fl.y-dibromopropyl  benzoate  (V).  A  mixture  of  8.5  g  of  benzoate  (V)  and  20  ml  of  20% 
KOH  was  heated  for  one  hour,  after  which  the  mixture  was  acidified  with  dilute  hydrochloric  acid.  We  obtained 
2  g  of  benzoic  acid  and  2,5  g  of  unchanged  fl.y-dibromopropyl  benzoate. 

Synthesis  of  butyl  fl,y -dibromoptopyl  ether  of  methylene  glycol.  A  mixture  of  88  g  of  fl.y-dibromopropyl 
alcohol  (II),  53  g  of  a-chloromethyl  butyl  ether,  obtained  by  the  Litterscheid  procedure  [12],  and  150  g  of  an¬ 
hydrous  benzene  was  treated  with  40  ml  of  50%  NaOH  solution  at  20“  and  with  vigorous  stirring.  After  washing, 
drying  and  removal  of  the  benzene  by  distillation  we  obtained  49'g  (40%)  of  the  butyl  fl.y-dibromopropyl  ether 
of  methylene  glycol,  the  constants  of  which  are  given  in  ±e  Table  (Compound  2). 

We  also  isolated  10  g  of  the  dibutyl  ether  of  methylene  glycol  from  the  reaction  products,  while  3  g  of  a 
heavy  tarry  product  remained  in  the  distillation  flask.  Using  similar  conditions  we  synthesized  two  other  new 
ethers,  the  constants  of  which  are  given  in  the  Table, 

Synthesis  of  butyl  allyl  ether  of  methylene  glycol  (VI).  This  unsaturated  ether  was  synthesized  using  the 
alkaline  method  of  synthesizing  glycol  ethers  [1]. 

B.p.  75-77“  (40  mm),  d4^®  0.8488,  n^*®  1.4102,  MR^  42,05.  CgHigOj.  Calc.  41,97. 

Found  %t  C  66.50;  H  11.13.  M  143.8.  CgHigQz.  Calculated  %c  C  66.67;  H  11.11.  M  144. 

Bromination  of  butyl  allyl  ether  of  methylen^  glycol  (VI).  The  bromination  was  run  by  the  method  de¬ 
scribed  above.  We  obtained  23.5  g  (55%)  of  the  butyl  fl.y-dibromopropyl  ether  of  methylene  glycol,  the  con¬ 
stants  of  which  showed  complete  agreement  with  the  data  given  in  the  Table  (Compound  2). 

Hydrolysis  of  the  butyl  fl.y-dibromopropyl  ether  of  methylene  glycol  (III),  The  hydrolysis  of  19.7  g  of 
dibromo  ether  (III)  was  run  in  conventional  manner.  From  the  hydrolysis  we  isolated  2  g  of  butyl  alcohol  and 
10  g  of  fl.y-dibromopropyl  alcohol  (V).  The  black  residue  in  the  distillation  flask  weighed  1  g. 

SUMMARY 

1.  It  was  established  that  the  fl.y-dibromopropyl  derivatives  of  methylene  glycol  ethers  can  be  synthesized 
by  the  alkaline  method  of  synthesizing  glycol  ethers. 

2.  A  method  was  proposed  for  the  synthesis  of  the  fl.y-dibromopropyl  derivatives  of  methylene  glycol 
ethers  by  the  bromination  of  the  alkyl  allyl  ethers  of  methylene  glycol. 

3.  Three  new  fl.y-dibromopropyl  derivatives  of  methylene  glycol  ethers  were  synthesized  and  some  of 
their  properties  were  studied. 

4.  The  constants  given  in  the  literature  [2]  for  fl.y-dibromopropyl  alcohol  and  fl.y-dibromopropyl  ben¬ 
zoate  were  corrected. 

5.  Two  different  methods  were  offered  for  the  synthesis  of  fl.y-dibromopropyl  benzoate. 
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CHEMISTRY  OF  PYRAZOLIDINE 

11.  HALOGENATION  AND  THIOCYANATION  OF  l,2-DIPHENYL-3,5- 
DIOXOPYRAZOLIDINE  AND  ITS  DERIVATIVES 

V.G.  Pesin,  A.M.  Khaletskii  and  Teng  Jnn-hsiang 


Whereas  pyrazolones  have  been  studied  in  considerable  detail,  the  structurally  similar  pyra2X)lidine  ring 
has  received  very  little  attention;  thus,  for  example,  the  mechanism  of  the  halogenation  or  thiocyanation  of  the 
latter  remains  obscure.  As  our  investigations  had  shown,  l,2-diphenyl-3,5-dioxopyrazolidine  (I)  readily  reacts 
with  chlorine,  bromine  and  thiocyanogen  to  form  the  corresponding  monochloro,  bromo  and  thiocyanato  deriva¬ 
tives  (II).  The  reaction  goes  both  with  cooling  and  at  room  temperature,  without  the  use  of  catalysts,  according 
to  the  scheme  • 

HjC - C=0  XHC - C=0 

II  J.  I 

0=C  N-CjHs  0=C  N-CeHs 

\n/  ^  \n/ 

I  I 

CeHs  CeHg 

(I)  (II) 

where  x  =  ci,  Br  or  CNS. 


For  the  chlorination  we  used  chlorine  gas  and  chloroform  as  the  solvent,  while  the  bromination  was  run 
using  bromine  and  again  chloroform  as  the  solvent  (the  bromination  was  run  with  cooling).  The  thiocyanation 
was  run  at  0-2*  using  thiocyanogen,  obuined  by  the  reaction  of  bromine  with  ammonium  thiocyanate  in  meth¬ 
anol  that  had  been  saturated  with  ammonium  bromide  [1].  The  high  reactivity  shown  by  the  hydrogens  at  in 
the  pyrazolidine  ring,  observed  during  halogenation  and  thiocyanation,  permitted  us  to  conclude  that  it  is  possible 
to  halogenate  (brominate)  l,2-diphenyl-3,5-dioxopyrazolldine  (I)  without  the  use  of  ultraviolet,  as  had  recently 
been  described  in  the  literature  [2]. 


Only  the  4-monochloro  derivative  is  formed  when  a  chloroform  solution  of  1, 2 -diphenyl -3,5 -dioxopyra- 
zoUdine  is  saturated  with  chlorine  either  in  the  cold  or  at  chloroform  boil,  or  when  the  chlorination  is  run  in  a 
melt  (at  100-105*).  In  contrast  to  this,  bromination  using  two  moles  of  bromine  yields  the  4,4-dlbromo  deriva¬ 
tive  (III).  The  dithiocyanato  derivative  (IV)  is  also  easily  formed  when  the  pyrazolidine  is  reacted  with  two 
moles  of  thiocyanogen. 


Br 

Br— C-!-— C=0 

I  I 

0=C  N-CjHe 

\n/ 

I 

CeHs 

(III) 


SGN 

Ncs-c: — c=o 
oJ  li— CeHs 

\n/ 

I 

CeHs 

(IV) 


In  order  to  determine  the  effect  of  a  substituent  at  on  the  entrance  of  a  halogen  or  pseudohalogen  (thio¬ 
cyanogen)  into  the  pyrazolidine  molecule, we  investigated  the  halogenation  and  thiocyanation  of  4-n-butyl-l,2- 


diplicnyl-3,5-dioxopyrazolldine,  i.e.,  when  one  of  the  hydrogens  at  C4  was  replaced:  here  it  was  established 
that  the  n-butyl  radical  is  practically  without  influence  on  the  mechanism  of  the  reaction, 

4-Chloro-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolldine  was  obtained  under  the  same  conditions  used  to 
chlorinate  l,2-diphenyl-3,5-dioxopyrazolldine:  4-bromo-4-n-butyl-I,2-diphenyl-3,5-dioxopyrazolidine  was 
synthesized  by  the  bromination  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  in  boiling  chloroform. 

4-Thiocyanato-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  (V)  was  obtained  by  two  routes;  a)  by  the 
thiocyanation  of  4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine,  analogous  to  the  thiocyanation  of  1,2-diphenyl- 
3.5-dioxopyrazolldine,  and  b)  the  reaction  of  4-bromo-4-n-bulyl-l,2-diphenyl-3,5-dioxopyrazolidine  with  po¬ 
tassium  thiocyanate  in  boiling  alcohol. 


\n/ 

I 

CeHs 


n  -€4119^^ 


NCS 


-G=0 


0=C  N-C«H5 

\n/ 

I 

CeHfi 

(V) 


Both  in  the  case  of  l,2-diphenyl-3,5-dioxopyrazolidlne  and  its  4-n-butyl  derivative  it  is  the  hydrogen  of 
the  methylene  group  that  is  replaced  by  chlorine,  bromine  or  the  thiocyanato  radical  during  halogenation  and 
thiocyanation;  replacement  of  the  hydrogens  of  the  aromatic  ring  is  less  probable  here.  This  follows  from  the 
fact  that  the  chlorine,  bromine  or  thiocyanato  radical  of  the  corresponding  halo  or  thiocyanato  pyrazolidines 
show  easy  exchange  reaction.  The  same  is  also  indicated  by  the  fact  that  l,2-diphenyl-3,5-dioxopyrazolidine 
and  its  4-halo  derivative  are  readily  soluble  in  alkalies,  whereas  the  4,4-dihalo-  or  the  4-halo-4-n-butyl-l,2- 
diphenyl-3,5-dioxopyrazolidines  are  insoluble  in  alkalies. 

EXPERIMENTAL 

1,2 -Diphenyl-3,5 -dioxopyrazolidine.  To  a  solution  of  4.6  g  of  sodium  in  100  ml  of  anhydrous  alcohol  was 
added  32  g  of  malonic  ester  and  21.22  g  of  hydra zobenzene.  The  reaction  mixture  was  boiled  with  constant  stir¬ 
ring  in  a  three-necked  flask,  fitted  with  a  reflux  condenser  and  calcium  chloride  tube,  until  a  homogeneous  mass 
was  obtained.  Then  the  reflux  condenser  was  replaced  by  a  descending  condenser,  and  with  constant  stirring  the 
alcdiol  was  distilled  off  until  ±e  temperature  of  the  reaction  mixture  reached  180-200*.  The  reaction  mass  af¬ 
ter  cooling  was  treated  widi  200  ml  of  water,  ±e  alkaline  filtrate  extracted  with  ether,  and  then  it  was  acidified 
widi  dilute  hydrochloric  acid.  The  precipitate  after  washing  with  water  and  recrystallization  from  alcohol  gave 
45.4  g  (90<i!b)  of  a  substance  with  m.p.  173.5*^from  its  melting  point  and  other  properties  corresponding  to  1,2- 
dii^enyl-3,5-dioxopyrazolidine,  described  in  the  literature  [3]. 

4-Chloro-l,2-dii^enyl-3, 5 -dioxopyrazolidine.  Chlorine  was  passed  for  one  hour  into  a  solution  of  1  g  of 
1,2 -diphenyl -3, 5 -dioxopyrazolidine  in  10  ml  of  chloroform  at  room  temperature,  and  here  a  slight  amount  of 
exodiermic  heat  was  observed.  The  reaction  product  was  poured  into  a  porcelain  dish,  and  the  chloroform  was 
evaporated  in  the  air;  the  residue  was  a  viscous  yellow  oil  that  soon  crystallized.  After  recrysullization  from 
benzene  we  obtained  1.02  g  (SO'ib)  of  a  substance  with  m.p.  113-114.5*.  The  compound  was  obtained  as  white 
crystals,  readily  soluble  in  alkalies,  chloroform,  alcohol,  ether,  carbon  tetrachloride  and  acetone,  and  insoluble 
in  water  and  acids. 

Found  C  62.75,  63.08;  H  3.60,  3.90;  N  9.45,  9.66.  CibHuOjNjCI.  Calculated  C  62.83;  H  3.84; 

N  9.77. 

4-&:omo-1.2-di phenyl-3, 5-dioxopytazolidine.  A  solution  of  4.7  g  of  bromine  in  20  ml  of  chloroform  was 
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2.16  g  (90®^)  of  a  substance  with  m.p.  105-106*.  The  compound  was  obtained  as  white  lustrous  plates,  insoluble 
in  water,  alkalies  and  acids,  and  soluble  in  alcohol,  ether  and  chloroform. 


Found  ”k  C  65.71.  65.44;  H  5.80.  5.24;  N  11.77,  11.62.  CjoHuOjNjS.  Calculated  %  C  65.75;  H  5.21; 

N  11.51. 

Study  of  the  reaction  of  4-bromo-4-n-butyl-l,2-diphenyl-3,5-dioxopyrazolidine  with  potassium  thiocya¬ 
nate.  4-Bromo-4-n-butyl-l, 2 -diphenyl -3, 5-dioxopyrazolidine  (1.5  g)  was  added  gradually  to  a  solution  of  0.5  g 
of  potassium  thiocyanate  in  20  ml  of  anhydrous  alcohol;  here  a  precipitate  separated  immediately.  After  reflux¬ 
ing  for  four  hours  the  precipitate  was  filtered,  washed  with  water  and  dried  to  give  1.4  g  of  a  substance  with  m.p. 
103-104* r4rom  its  melting  point,  analysis  and  other  properties  corresponding  to  4-n-butyl-4-thiocyanato-l,2- 
diphenyl-3,5-dloxopyrazolidine.  Identical  with  that  obtained  earlier  by  the  direct  thiocyanation  of  4-n-butyl- 

1.2- dlphenyl-3,5-dloxopyrazolldine.  The  mixed  melting  point  with  an  authentic  specimen  was  not  depressed. 

SUMMARY 

1.  The  reaction  of  halogens  (dilorine,  bromine),  and  also  of  a  pseudohalogen  (thlocyanogen),  with  1.2- 
dlphenyl-3, 5-dioxopyrazolidine  was  investigated,  in  which  connection  the  corresponding  4-chloro,  4-bromo  and 
4-thiocyanato  derivatives  of  l,2-diphenyl-3,5-dloxopyrazolidine  were  isolated. 

2.  It  was  shown  that  the  reaction  of  a  double  amount  of  halogen  or  of  pseudohalogen  (thlocyanogen)  with 

1.2- diphenyl-3,5-dioxopyrazolldine  yields  the  4,4-dibromo  and  4-4-dithiocyanato  derivatives  of  1,2-diphenyl- 
3,5-dioxopyrazolidine  (we  were  unable  to  isolate  4,4-dichlfaro-l,2-dlphenyl-3,5-dioxopyrazolidine)i 

3.  It  was  found  that  the  chlorination,  bromination  or  thiocyanation  of  4-n-butyl-l,2-diphenyl-3,5-dioxo- 
pyrazoUdine  yields  the  corresponding  4-chloro,  4-bromo  and  4-thiocyanato  derivatives  of  4-n-butyl-l, 2-diphenyl 
3,5  -dioxopyrazoUdine. 

4.  It  was  found  that  4-bromo-4-n-butyl-l,2*diphenyl-3, 5-dioxopyrazolidine  reacts  with  potassium  thiocy¬ 
anate  to  yield  4-thiocyanato-4-n-buiyl-l,2-di{rfienyl-3, 5 -dioxopyrazoUdine, 
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SYNTHESIS  AND  INVESTIGATION  OF  N-OXIDES 
OF  HETEROCYCLIC  COMPOUNDS 

II.  N-OXIDES  OF  ACRIDINE  DERIVATIVES 
A.M.  Khaletskii,  V.G.  Pesin  and  Chou  Ch’ing 


In  a  preceding  communication,  data  were  presented  from  the  synthesis  and  study  of  certain  properties  of 
the  N-oxides  of  morphine,  tetrahydroisoquinoline,  and  quinoline  derivatives  [1].  In  the  present  paper,  data  are 
presented  relating  to  the  properties  of  some  N-oxides  of  the  acridine  series.  The  interest  in  such  compounds 
arises  in  connection  with  their  importance  in  medicine  and  as  intermediate  products  in  synthesis;  moreover,  the 
oxidation  of  acridine  derivatives  has  received  comparatively  little  study.  Thus,  acridine  N-oxides  can  be  ob¬ 
tained  by  reduction  of  acridone  N-oxides  and  by  oxidation  of  acridine  [2]. 

We  studied  the  following  acridine  derivatives:  2-ethoxy-6-nitro-9-chloroacridine  (I),  2 -ethoxy -6,9 -di- 
aminoacridine  (U),  2 -ethoxy -6,9 -di(acetylamino)acridine  (III),  3,6-diaminoacridine  (IV),  and  3,6-di(acetyl- 
amino)acridine  (V). 


Oxidation  of  (I)  with  perbenzoic  acid  in  chloroform  gave  an  89*70  yield  of  its  N-oxide  (VI),  which,  by  inter¬ 
action  with  gaseous  ammonia  (in  phenol  solution)  was  converted  to  the  N-oxide  of  2-ethoxy-6-nitro-9-aminoac- 
ridine  (VII). 


C.HjCOOOH 


NHs(CJlsOII) 
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Thus,  it  was  shown  that  the  N-oxlde  group  has  no  appreciable  effect  on  the  mobility  of  the  chlorinej  the 
chlorine  in  both  (I)  and  (VI)  readily  enters  into  exchange  reactions. 

Upon  oxidation  of  2-ethoxy-6,9“diaminoacridine  (II)  with  perbenzoic  acid,  no  N-oxide  was  detected,  and 
oxidation  with  peracetic  acid  (in  the  presence  of  acetic  acid)  and  subsequent  chromatization  of  the  reaction 
products  over  aluminum  oxide  gave  an  18.6‘5fc  yield  of  2“eAoxy-6,9-di(acetylamino)acrldine  (III);  the  latter  was 
converted  by  oxidation  with  perbenzoic  acid  to  the  N-oxide  of  2-ethoxy-6,9-di(acetylamino)acridine  (VIII).  Re¬ 
fluxing  (VIU)  with  an  aqueous -alcoholic  solution  of  sodium  hyposulfite  gave  (II). 

NHCOCH3 

CH,COOOH^  C.H.COOOH^  OC2H5 

rviii) 

3,6-DlamInoacrIdlne  (IV)  behaved  similarly  with  respect  to  peracetic  and  perbenzoic  acids.  Acylation 
occurred  during  the  action  of  the  latter  acid  on  (IV).  no  N-oxide  being  detected  under  the  conditions  of  the  ex¬ 
periment.  Oxidation  of  3,6-di(acetylamino)acridine  (V)  with  perbenzoic  acid  gave  its  N-oxide  (IX). 


CH5COOOH 

(C.H.COOOH)  C.H.COOOH 


CH3GOHN-^^^j^)'^^'=-NHCOCH3 

0 

(IX) 


Thus,  the  peracids  tested  by  us  are  not  suitable  for  the  direct  conversion  of  aminoacridines  to  the  corres¬ 
ponding  N-oxides.  When  aminoacridines  are  oxidized  with  peracetic  acid,  acylation  takes  place  first,  and  only 
then  are  the  N-oxides  of  the  corresponding  acyl  derivatives  formed. 

EXPERIMENTAL 

N-Oxide  of  2-ethoxy-6-nitro-9-chloroacridine  (VI).  To  a  solution  of  1.6  g  of  2-ethoxy-6-nitro-9-chloro- 
acridine  (I)  in  400  ml  of  chloroform  at  18-20*  was  added  from  a  dropping  funnel,  with  constant  stirring,  a  chloro- 
fcwm  solution  (15  ml)  of  perbenzoic  acid  containing  1.065  g  of  the  latter.  After  four  hours,  the  solution  was  fil¬ 
tered,  the  chloroform  was  evaporated,  and  the  red -colored  residue  was  treated  widi  a  5^  solution  of  ammonia. 

The  residue  insoluble  in  the  ammoniacal  solution  was  filtered,  washed  with  water,  and  dried  at  50*}  1.5  g  (89.28*7o) 
of  material  was  obtained.  After  recrystalUzation  from  chloroform,  bright-red  crystals  were  obtained  in  the  form 
of  long  needles  with  m.p.  204-206*  (with  decomp.). 

Found  C  56.51,  56.78;  H  3.54,  3.56}  N  9.13,  8.79.  CigHuO^NjCl.  Calculated  C  56.51;  H  3.54; 

N  8.79. 

N -Oxide  of  2-ethoxy-6-nitro-9-aminoacridine  (Vll).  0.5  g  of  (VI)  was  dissolved  in  1.25  g  of  molten 
phenol,  and  dry  ammonia  was  passed  into  the  solution  at  100-105*;  amination  was  continued  until  a  thick  mass 
was  obtained.  On  treatment  of  the  latter  with  alcohol,  a  dark-brown  precipitate  was  formed  which,  after  separa¬ 
tion  and  washing  with  hot  water,  was  dried  at  60*}  0.35  g  (74.2<^)  of  material  was  obtained.  Solution  in  alcohol 
and  precipitation  with  water  gave  a  dark -red  powder  which  melted  at  262-265*  (with  decomp.). 

0.2542  g  of  the  substance,  after  being  dried  at  120*,  lost  0.0138  g,  and  0.3562  g  lost  0.0188  g,  which  cor¬ 
responds  to  5.43%  HjO. 

Found  %e  C  56.40,  56.70}  H  5.14,  4.73;  N  13.00,  12.98.  CisHaQiNt- H,0.  Calculated  %:  C  56.78; 

H  4.73}  N  13.25. 

Oxidation  of  2-ethoxy-6,9-diaminoacridine  (II)  with  perbenzoic  acid.  To  an  alcoholic  solution  of  per¬ 
benzoic  add  (7.5  g  in  42  ml  of  alcohol),  cooled  to  10*,  was  gradually  added,  wiA  stirring,  75  ml  of  an  alcoholic 
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solution  of  (II)  containing  9.8  g  of  the  latter.  The  resulting  precipitate  was  filtered,  washed  with  sodium  hy¬ 
droxide  solution,  and  dried  at  100*;  m.p.  113-118*.  A  mixed  sample  with  known  2-ethoxy-6,9-diaminoacridine 
showed  no  melting  point  depression. 

Oxidation  of  2-ethoxy-6,9-diaminoacridine  (II)  with  peracetic  acid.  2  g  of  2-ethoxy-6,9-diaminoacridine 
was  dissolved  in  2  ml  of  98%  acetic  acid;  the  solution  was  diluted  with  200  ml  of  water,  and  to  this  solution  was 
gradually  added,  with  continuous  stirring,  13  ml  of  peracetic  acid  in  acetic  acid  containing  0.78  g  of  peracetic 
acid.  After  the  dark-red  solution  had  been  stirred  for  ten  minutes,  it  was  neutralized  with  10%  sodium  hydroxide 
solution,  and  the  resulting  precipitate  was  filtered,  washed  with  water,  and  dried:  1.95  g  was  obtained.  An  al¬ 
coholic  solution  of  the  precipitate  was  passed  through  an  aluminum  oxide  column  (activated  by  drying  at  300* 
for  three  hours).  After  development  with  alcohol,  three  zones  were  observed  on  the  aluminum  oxide.  The  lower 
part  was  pale  yellow,  the  middle  was  brown,  and  the  upper  was  yellow-brown. 

An  alcoholic  solution  of  the  material  contained  in  the  lower  part*ofthe  column  was  evaporated  to  dryness 
at  60*,  resulting  in  the  formation  of  lustrous,  yellowish-brown  needles;  the  0.5  g  of  material  (after  recrystalliza- 
tion  from  a  1 ;  1  mixture  of  alcohol  and  ether)  corresponded  to  a  yield  of  18.6% based  on  the  2-ethoxy-6,9-di- 
aminoacridine;  the  material  did  not  melt  when  heated  to  270*. 

Found  %t  C  59.95,  60.10;  H  6.36,  6.52j  N  12.00,  12.27.  CuHjgOjNj-  l.OHjO.  Calculated  %:  C  60.00; 

H  6.47;  N  12.36. 

On  the  basis  of  the  analytical  data,  the  substance  was  the  acetic  acid  salt  of  2 -ethoxy -6,9 -diaminoacridine. 
This  compound  was  readily  soluble  in  water,  and  neutralization  of  the  solution  with  a  10%  solution  of  sodium  hy¬ 
droxide  caused  separation  of  a  yellow  precipitate.  A  mixed  sample  with  known  2-ethoxy-6,9-diaminoacridine 
showed  no  depression  of  the  melting  point. 

An  alcoholic  solution  of  the  material  from  the  center  of  the  column  was  evaporated,  and  the  residue  was 
dried  at  60*  to  give  a  yellowish -brown  materiaL  2-Ethoxy-6,9-diaminoacridine  and  its  acetate  were  separated 
from  the  material. 

Evaporation  of  an  alcoholic  solution  of  the  material  contained  in  the  lower  part*ofthe  column  left  a  red 
residue,  which,  after  recrystallization  from  alcohol,  decomposed  without  melting  at  235*;  it  did  not  give  a 
cherry -red  color  when  acted  on  by  sodium  nitrite  in  the  presence  of  hydrochloric  acid,  and  its  nature  remains 
unclear. 

2-Ethoxy -6, 9-di(acetylamino)acridine  (III).  20  g  of  2-ethoxy-6,9-diaminoacridine  was  acylated  with  16  g 
of  acetic  anhydride  by  heating  to  100®  until  all  amino  groups  were  substituted  with  acetyl  radicals  (i.e.,  to  a 
negative  reaction  with  sodium  nitrite).  On  dilution  of  the  solution  with  0.5  liter  of  water,  11.9  g  of  a  yellow  ma¬ 
terial  separated,  and  an  additional  9.5  g  was  recovered  from  the  mother  liquor;  a  total  of  22.4  g  (88.3%)  of  ma¬ 
terial  was  obtained,  m.p.  290-292*.  Recrystallization  from  a  mixture  of  pyridine  and  water  gave  yellow  needles 
with  an  m.p.  of  296-297®  (with  decomp.),  which  were  readily  soluble  in  pyridine  and  less  soluble  in  alcohol,  ben¬ 
zene,  chloroform,  dichloroethane,  and  other  organic  solvents. 

Found  %:  C  61.30,  60.94;  H  6.35,  6.35;  N  11.36,  11.26.  CjsHjsOjN,*  2H2O.  Calculated  ^  C  61.13; 

H  6.16;  N  11.26. 

When  dried  at  120®,  0.6159  g  and  0.4580  g  of  the  substance  lost,  respectively,  0.0588  g  and  0.0432  g, 
which  corresponds  to  2  moles  of  water. 

Found, after  saponification  with  0.1  N  alcoholic  potassium  hydroxide,  %c  CHjCOOH  31.1,  31.4.  C;9Hj903N5' 
2HjO.  Calculated  %c  CHjCOOH  31.33. 

When  the  2-ethoxy -6, 9-di(acetylamino)acridine  was  refluxed  with  concentrated  sulfuric  acid,  an  odor  of 
ethyl  acetate  developed,  and  simultaneously  a  yellow  precipitate,  with  an  m.p.  of  110®,  separated.  A  mixed 
sample  with  known  2-ethoxy -6, 9-diaminoacridine  showed  no  depression  of  the  melting  point. 

1^1 -Oxide  of  2 -ethoxy -6,9 -di(acetylamino)acridine  (VIII).  1  g  of  2 -ethoxy -6,9 -di-(acetylamino)acridine 
was- dissolved  in  300  ml  of  alcohol  and  50  ml  of  chloroform,  and  to  the  solution  was  added,  with  constant  stirring, 

•There  is  an  inconsistency  here.  Another  paragraph  refers  to  the  lower  part  of  the  column,  also.  One  of  the  two 
probably  is  meant  to  refer  to  the  upper  part  of  the  column  —  Editor’s  note. 


2847 


8  ml  of  a  chloroform  solution  of  perbeniolc  acid  containing  0.56  g  of  the  latter.  After  three  hours,  the  solvent 
was  evaporated  (in  air),  and,  after  the  yellowish -brown  residue  had  been  washed  with  etlier,  0.95  g  (90.6*70)  of 
material  was  obtained,  whicli,  after  recrystalllzatlon  from  alcohol,  melted  at  247-248*  (with  decomp.)  and  which 
was  in  tlie  form  of  yellow  needles. 

When  dried  at  120*,  0.2402  g  and  0.2282  g  of  the  substance  lost,  respectively,  0.0173  g  and  0.0165  g,  which 
corresponds  to  1.5  molecules  of  water. 

Found  C  59.81,  60.24;  H  6.07,  6.05;  N  11.40,  11.18.  C,9H,904Nj‘  I.5H2O.  Calculated  la  C  60.00; 

H  5.79;  N  11.05. 

Oxidation  of  3,6-diaminoacridine  with  perbenzoic  acid.  1  g  of  (IV)  was  dissolved  in  100  ml  of  chloroform 
and  5  ml  of  alcohol,  and  to  the  solution,  which  was  at  15“,  was  added  14  ml  of  a  chloroform  solution  of  perben¬ 
zoic  acid  which  contained  0.84  g  of  perbenzoic  acid.  The  brown  precipitate  was  filtered,  and  neutralized  with 
a  10*70  solution  of  sodium  hydroxide.  It  melted  at  264-267*  after  being  washed  with  water  and  dried.  A  mixed 
sample  with  known  3,6-diaminoacridine  showed  no  depression  of  the  melting  point. 

Oxidation  of  3,6-diaminoacridine  with  peracetic  acid.  2  g  of  (IV)  was  dissolved  in  2  ml  of  98*^l»  acetic 
acid,  and  the  solution  was  diluted  with  250  ml  of  water  and  oxidized  with  16  ml  of  an  acetic  acid  solution  of 
peracetic  acid  containing  0.96  g  of  the  latter.  On  neutralization  with  a  10*7o  solution  of  ammonia,  a  fine,  dark- 
brown  precipitate  separated,  which  was  filtered  and  dried.  Similarly  to  the  case  of  the  oxidation  of  2-ethoxy - 
6.9-diaminoacridine  with  peracetic  acid,  the  residue  was  a  mixture  of  products  of  the  oxidation  of  3,6-diamino- 
acridine. 

3,6-Diacetylaminoacridine  [3].  A  mixture  of  2  g  of  3,6-diacetylaminoacridine,  200  ml  of  chloroform, 

^  1000  ml  of  alcohol  was  subjected  to  oxidation  with  1.2  g  of  perbenzoic  acid  (in  chloroform).  After  four  hours, 

the  solvent  was  removed  by  evaporation,  and  the  residue  was  washed  with  ether  and  dried  at  100*;  1.9  g  of  ma- 
"  terial  was  obtained,  m.p.  175-188*.  Solution  in  alcohol  and  precipitation  with  water  gave  0.2  g  (9.16*7o)  of  a 

substance  with  an  m.p.  of  236*  (with  decomp.);  this  was  a  yellowish -brown  powder,  soluble  in  alcohol  and  in- 
I  soluble  in  water. 

Found  *7«  C  60.28,  60.71;  H  5.73,  5.59;  N  12.56,  12.20.  CnHuOjNj*  l.SHjO.  Calculated  «7«  C  60.71; 

H  5.36;  N  12.50. 

When  dried  at  120*,  0.2318  g  and  0.1946  g  of  the  substance  lost,  respectively,  0.0182  g  and  0.0146  g, 
which  corresponds  to  1.5  molecules  of  water. 


SUMMARY 

The  behavior  of  oxidizing  agents  (peracetic  and  perbenzoic  acids)  toward  certain  acridine  derivatives  was 
Investigated.  It  was  found  that,  on  oxidation  with  peracetic  acid,  2-ethoxy -6,9-diamino-  and  3,6-diaminoacri¬ 
dine  are  first  acetylated,  and  then  form  the  Nroxldes;  oxidation  of  2-ethoxy-6-nitro-9-chloroacridine  forms  the 
N -oxide  in  the  normal  manner,  and  replacement  of  the  chlorine  at  C9  by  an  amino  group  is  not  hindered  by  the 
N -oxide  group. 
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SYNTHESIS  OF  HYDROCARBONS 
LXVII.  Ctt  HYDROCARBONS  WITH  ONE  AND  TWO  QUATERNARY  CARBON  ATOMS 

R.Ia.  Levina,  P.A.  Kaikaiis  and  P.A.  Getnbltskli 


A  previous  communication  [1]  described  the  synthesis  of  ethylenic  (and  from  them, by  hydrogenation  - 
paraffinic)  Cj-Cn  hydrocarbons  with  single  quaternary  carbon  atoms  by  the  interaction  of  tert-alkylmagnesium 
chlorides  (tert-butyl-  and  tert-amylmagnesium  chlorides)  with  primary  hydrohalides  of  Isoprene  [haloolefins] 
and  2,3-dImethyl-l,3-butadlene. 


CH,=G— C=CH2  CH3— C=^C— CHaBr 


CII,  R' 


CH3— G— C-CH 


GHa  R' 
(I)  &(!!) 


GHa 

.J-n  ±2; 


CH, 

ClMg-C-R 

CH. 


GHa 

I 


I 

GHa  R' 


GH, 


GHa— GH— GH— GHg-G— R 

I  I  I 

GHa  R'  GHa 


R.'  =  H  (1),  CH,  (II): 

R  =CH3,  c,h,. 


In  the  present  wurk,  the  primary  hydrobromide  of  isoprene  [l-bromo-3-methyl-2-butene]  (I)  was  used  for 
the  synthesis  of  ethylenic  and  paraffinic  hydrocarbons  having  the  composition  C^Hjj^  and  C]2H26.  The  interaction 
of  Isoprene  hydrobromide  with  2-chloromagnesium-2-methylhexane  [2-methyIhexylmagnesium  bromide]  gave  an 
alkene  with  one  quaternary  carbon  atom  -  2,5,5-trImetiiyl-2-nonene  (III),  and  hydrogenation  of  the  alkene  gave 
2,5,5-trimethylnonane  (IV). 


GHa 


GHa— C=GH— GHaBr  +  GlMg-G-G4Ho 


GHa 


GH, 


(I) 


GHa 


GHa 


GHa— G=GH— GHa— G— G4H0  GHa— GH— GHj- GHj- G— G4H9 


GHj 


GHa 


GH, 


GHa 


(III) 


(IV) 


The  reaction  of  isoprene  hydrobrpmide  with  an  organomagnesium  compound  isomeric  with  2-chloro-2- 
methylhexane  and  having  a  more  branched  structure  —  3-chloromagnesium-2,2,3-trimethylbutane  [1,1,2,2-tetra- 
methylpropylmagnesium  chloride]  (triptylmagneslum  chloride*)  —  gave  a  CjaHai  etfiylenlc  hydrocarbon  (V)  with 
two  adjacent  quaternary  carbon  atoms  —  2,2,3,3,6-pentamethyl-5-heptene  —  and  hydrogenation  of  this  compound 
gave  2,2,3,3,6-pentamethylheptane  (VI). 

•A.D.  Petrov  and  co-workers[2]  have  described  the  synthesis  of  alkenes  (in  yields  of  3  and  6.5'5l>)  by  the  interaction 
of  triptyl  chloride  with  magnesium  and  the  simplest  allyllc  chlorides  -  allyl  and  methallyl  chloride.  Similar  re¬ 
actions  have  also  been  described  by  these  authors  for  other  chlorides  of  the  triptyl  type. 
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CHg  CII3 


CH 


CH3— C=C!f— GHjBr  +  ClMg— G - G— CH3. 

CH,  CH3  cIh, 

(I) 

CH3  CH3  GH3  CH, 

I  I  4-H  -  "  • 

,-C - C-CHo-CH=G-GH,  — - 


I  I 

CH3  GH3 


GH3— G - C— CHa— CHg— CH— CH3 


GH, 


<!« 


(V) 


i 

8  CH3 
(VI) 


I 

CH, 


These  Isomeric  alkenes  and  the  Isomeric  C12H28  alkanes  having  one  and  two  quaternary  carbon  atoms 

have  not  been  described  in  the  literature.  The  yields  of  both  isomeric  alkenes  (III  and  V)  were  only  8  and  7%, 
calculated  on  tfie  organomagnesium  compound  formed  (the  content  of  which  in  the  ether  solution  was  determined 
by  titration).  The  low  yields  of  alkenes  is  explained  by  the  occurrence  of  numerous  side  processes  which  pro¬ 
ceeded  during  the  reactions  between  the  diene  hydrohalides  and  the  tert-alkylmagnesium  chlorides  [3].  We 
made  a  further  attempt  to  carry  out  the  synthesis  of  a  C]4H2s  hydrocarbon  having  three  neighboring  quaternary 
carbon  atoms  (Vin)  by  introducing  triptylmagnesium  chloride  into  a  reaction  with  a  tertiary  allyl  chloride  -  the 
hydrochloride  of  2,4-dimethyl-l,3-pentadlene  (VII).* 


CH3— C=GH— C-Gl  +  GlMg 


GH3  GH3  GH3 

Mg-J - G— GH, 


Gn3  GH3  GH3 


CH, 


I 

CH, 


(VII) 


CH3  GH3 


CH3— C=CH— C - G - c: - GHs 

I  III 

GH3  CH3  GH3  GH3 
(VIII) 


However,  the  attempt  to  synthesize  a  hydrocarbon  of  such  highly  branched  structure  (VIII)  was  unsuccessful, 
apparently  owing  to  steric  hindrance;  distillation  of  the  products  of  this  reaction  yielded  only  fractions  corres¬ 
ponding  in  boiling  points  to  and  C7Hi4  hydrocarbons  and  to  the  dimer  of  the  first  of  these.  A  Ci4H2g  hydro¬ 
carbon  either  was  not  formed  at  all,  or  it  was  formed  in  such  small  amount  that  it  was  not  possible  to  separate  it 
by  distillation  of  the  reaction  products. 


EXPERIMENTAL 

The  tertiary  chlorides  -2-chloro-2-methylhexane  and  3-chloro-2,2,3-trlmethylbutane  (driptyl  chloride)  - 
were  prepared  from  the  corresponding  tertiary  alcohols,  2-meihyl-2-hexanol  (b.p,  54-54.5*  at  12  mm;  literature 
value  [5]  138-139*  at  742  mm)  and  2,2,3-trimethyl-3-butanol  (triptanol)  (m.p.  16";  literature  value  [6],  m.p. 
16*),  by  agitation  with  a  two-fold  amount  of  concentrated  hydrochloric  acid  saturated  at  0"  with  hydrogen  chlo¬ 
ride.  The  resulting  chlorides  (yield,  90%)  were  washed  with  water  and  dried.  2-Chloro-2-methylhexane:  b.p, 
36-37*  at  14  mm.  n^*®  1.4212,  d4*®  0.8669.  Literature  data  [5];  b.p.  127-128*  at  753  mm.  np*®  1.4193,  d^*® 
0.8669.  3 -Chloro -2, 2,3 -trimethylbutane;  m.p.  130“  (from  methyl  alcohol;  in  a  sealed  capillary).  Llteramre 
data  [6]:  m.p.  128-134*. 

Interaction  of  isoprene  hydrobromide  with  2-chloromagnesium  •2-methylhexane.  To  3  g-atoms  of  mag¬ 
nesium  (preliminarily  activated  by  heating  with  an  iodine  crystal)  in  0.5  liter  of  absolute  ether  was  slowly  added 
a  solution  of  3  moles  of  the  tertiary  chloride  —  2-chloro-2-methylhexane  —  in  1  liter  of  absolute  ether.  The  re¬ 
sulting  ethereal  solution  of  organomagnesium  compound  was  filtered  in  a  stream  of  nitrogen  from  the  unreacted 
magnesium  (the  content  of  organomagnesium  compound  in  the  ether  solution,  as  determined  by  titration  [7],  was 
56%  of  theoretical),  the  solution  was  cooled  to  -40*.  and  to  it  was  added,  with  stirring,  an  etliereal  solution  (1 : 1) 
of  primary  isoprene  hydrobromide  [1]  (1.7  mole;  b.p.  58-62*  at  56  mm;  literamre  value  [8]:  b.p.  60-65*  at 
63  mm). 

The  reaction  mixture  was  heated  and  stirred  for  several  hours,  and  was  decomposed  by  pouring  onto  a  mix¬ 
ture  of  ice  and  acetic  acid.  After  the  usual  treatment  of  the  ether  extracts  and  distillation  of  the  ether  and  low- 


•As  we  have  shown  previously  [3, 4],  the  hydrochloride  and  hydrobromide  of  2,4-dlmethyl-l,3-pentadiene  enter 
into  a  Grignard-Wurtz  reaction  with  tert-alkylmagnesium  chlorides  (of  less  branched  structure  than  triptylmag¬ 
nesium  chloride)  forming  hydrocarbons  with  two  neighboring  quaternary  carbon  atoms. 
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boiling  (to  140*)  fractions  containing  C^Hn  hydrocarbons  and  unreacted  unsaturated  tertiary  chloride,  the  residue 
was  distilled  from  polymers,  refluxed  over  sodium  to  a  negative  reaction  for  halide,  and  distilled  in  a  column. 
After  two  fractional  distillations,  21  g  of  2,5,5-trimethyl-2“nonene  (8% calculated  on  the  organomagnesium 
compound  formed)  was  isolated;  the  nonene  had  the  following  constants: 

B.p.  64.5-65*  (4  mm),  no*®  1,4421,  d^*®  0,7802;  MRp  57.10;  calc.  57.15  (57,23*). 

Found  let  C  85.62,  85.73;  H  14.42,  14.33.  Calculated  C  85.63;  H  14.37. 

Interaction  of  isoprene  hydrobromide  with  3-chloromagnesium-2,2,3-trimethylbutane  (triptylmagnesium 
chlcride).  The  reaction  was  carried  out  by  the  method  described  above.  The  content  of  organomagnesium  com¬ 
pound  in  the  ether  solution  was  50%,  Distillation  of  the  reaction  products  gave  a  hydrocarbon  fraction  boiling  at 
150-200*,  which  was  refluxed  with  sodium  to  the  complete  removal  of  halogen  compounds  and  distilled  over  so¬ 
dium  in  a  column.  Two  fractional  distillations  gave  18  g  of  2,2,3,3,6-pentamethyl-5-heptene  (7%  calculated 
on  the  organomagnesium  compound  formed)  with  the  following  constants: 

B.p.  195.5*  (750  mm),  n^^®  1.4493,  d4^®  0.7950,  MRp  56.82;  calc.  57.15  (56.83). 

Found  %  C  85.62.  85.82;  H  14.48,  14.41.  CJ2H24.  Calculated  %  C  85.63;  H  14.37. 

Hydrogenation  of  both  isomeric  C^Hj^  alkenes  was  carried  out  over  nickel  on  aluminum  oxide  at  170-180*. 
The  resulting  alkanes  had  the  following  constants  after  distillation  in  a  column: 

2,5,5 -Trimethylnonane  -  b.p.  59*  (5  mm),  n^*®  1.4236,  d4^®  0.7550;  MRp  57.50;  calc.  57.62  (57.60). 

Found  %  C  84.60,  84.72;  H  15.43,  15.33.  Calculated  %:  C  84.62;  H  15.38. 

2,2,3,3,6-Pentamethylheptane  —  b.p.  187.5-188*  (745  mm),  Up*®  1.4345,  d/®  0.7772,  MRp  57.15;  calc. 
57.62  (57.20). 

Found  %.  C  84.68,  84.82;  H  15.42,  15.19.  C^Hje.  Calculated  %  C  84.62;  H  15.38. 

The  Raman  spectra  of  these  alkenes  had  lines  at,  respectively,  1664  cm"^  and  1668  cm"\  which  confirmed 
their  structure  as  trisubstituted  ethylenes.  In  the  spectra  of  the  alkanes,  intense  lines  were  present  in  the  regions 
of  671,  926,  and  1240  cm"^,  which  are  characteristic  of  highly  branched  hydrocarbon  chains  containing  quater¬ 
nary  carbon  atoms  [10]. 

Interaction  of  the  hydrochloride  of  2,4-dimethyl-l,3-pentadiene  (2-chloro-2,4-dimethyl-3-pentene)  with 
triptylmagnesium  chloride.  The  hydrochlorination  of  2,4-dimethyP-l,3-pent!adiene  and  the  reaction  of  the  re¬ 
sulting  hydrochloride  (1.7  moles)  with  triptylmagnesium  chloride  (from  3  moles  of  triptyl  chloride  and  3  g-atoms 
of  magnesium)  were  carried  out  by  the  method  described  previously  [3]  (for  the  reaction  between  the  same  hy¬ 
drochloride  and  other  tert-alkylmagnesium  chlorides).  During  the  first  distillation  of  the  reaction  products,  frac¬ 
tions  were  collected  which  boiled  in  the  ranges  of  80-120*  (containing  and  C7H14  hydrocarbons),  120-180* 
(consisting  mainly  of  unreacted  triptyl  chloride),  and  215-250*.  The  fraction  boiling  at  215-250*  was  refluxed 
over  sodium  (to  the  complete  removal  of  halogen),  and  was  then  distilled  in  a  column  to  give  38  g  (12%)  of  the 
dimer  of  2,4-dimethyl-l,3-pentadiene  [11]  with  a  b.p.  of  90®  at  10  mm  (218-220*  at  760  mm)  and  np^®  1.4800; 
several  grams  of  a  higher-boiling  fraction  (90-105*  at  10  mm,  220-235*  at  760  mm)  was  also  obtained,  but  this 
fraction  was  not  investigated  further. 


SUMMARY 

1.  Previously  undescribed  C12H24  alkenes  with  one  and  two  quaternary  carbon  atoms,  2,5,5-trimethyl-2- 
nonene  and  2,2,3,3,6-pentamethyl-5-heptene,  were  synthesized  by  the  interaction  of  isoprene  hydrobromide  with 
the  tert-alkylmagnesium  chlorides  2-chloromagnesium-2-methylhexane  and  3-chloromagnesium-2,2,3-trlmethyl- 
butane  (triptylmagnesium  chloride). 

2.  Hydrogenation  of  these  alkenes  gave  2, 5, 5 -trimethylnonane  and  2,2,3,3,6-pentamelhylheptane,  which 
also  have  not  been  described  previously. 


*ln  parentheses  (here  and  subsequently)  is  given  MRp  calculated  by  the  additive  scheme  of  V.M.  Tatevskii  [9], 
which  takes  into  account  the  subtypes  of  chemical  bonds. 
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INTERACTION  OF  y -CHLOROPROPYLSILANE  CHLORIDES 
WITH  AROMATIC  COMPOUNDS  BY  FRIEDEL -CRAFTS  REACTION 

E.A.  Chernyshev,  M.E.  Dolgaia  and  lu.P.  Egorov 


In  preceding  communications  [1],  we  have  described  the  interaction  of  various  a-  and  fl -chloroalkybilane 
chlorides,  obtained  from  methyl-  and  ethylchlorosilanes,  with  aromatic  compounds  in  the  presence  of  AlClj  or 
metallic  aluminum.  It  was  shown  that  d  -chloroalkylsilane  chlorides  are  considerably  more  active  in  this  reac¬ 
tion  than  are  ot -chloroalkylsilane  chlorides  and  also  that  aromatic  compounds  with  the  aromatic  ring  in  the  fl- 
position  are  obtained  quantitatively  from  a -chloroethyltrichlorosilane  and  partially  from  fl-chloroethylethyldi- 
chlorosllane. 

Continuing  the  investigation  of  the  dependence  of  the  reactivity  of  chloroalkylsilane  chlorides  on  the  posi¬ 
tion  of  the  C-Cl  bond  relative  to  the  silicon  atom,  in  the  present  work  we  studied  the  interaction  of  fl-  and  y- 
chloropropyltrlchlorosilanes  and  of  fl-  and  y-chloropropylmethyldichlorosilanes  with  various  aromatic  compounds 
in  the  presence  of  AICI3  or  of  Al. 

Both  fl -chloropropyltrlchlorosilane  and  fl-chloropropylmethyldichlorosilane  react  vigorously  with  benzene, 
toluene,  and  chlorobenzene  to  give  the  corresponding  derivatives  in  yields  of  The  reaction  requires 

10-15  hours  at  room  temperature  and  2-3  hours  at  60-70".  In  the  case  of  diphenyl,  diphenyl  oxide,  and  naphtha¬ 
lene,  only  metallic  aluminum  was  used  as  the  catalyst  in  order  to  decrease  tar  formation.  The  yields  of  products 
in  these  cases  were  somewhat  lower,  but  still  comprised  20-AQ’^a.  y -Chloropropyltrlchlorosilane  and  y-chloro- 
propylmethyldichlorosilane  reacted  just  as  vigorously  as  the  corresponding  fl -isomers,  and  the  yields  of  silico- 
alkylation  products  in  this  case,  with  few  exceptions,  were  no  lower. 

Thus,  even  though  the  a -chloroalkylsilane  chlorides  have  very  low  reactivity  in  comparison  to  ±e  fl -iso¬ 
mers,  the  reactivity  of  the  y -chloroalkylsilane  chlorides  is  no  less  than  the  fl -chlorides. 

It  might  be  expected  that  the  y -chlorides  or  the  y-carbonium  ions,  which  are  formed  in  the  course  of  the 
reaction,  would  isomerize  with  the  formation  of  the  fl  -Isomers.  Precise  fractionation  showed  that  two  substances 
corresponding  to  the  fl  -  and  y -isomers  in  a  ratio  of  1;2.9  actually  are  formed  from  y -chloropropyltrlchlorosilane 
and  benzene.  Only  one  substance  Is  formed  during  the  reaction  of  y-chloropropylmethyldichlorosilane  with  ben¬ 
zene.  All  three  compounds  were  methylated,  and  a  comparison  of  their  spectra  showed  that  only  the  y-isomer 
is  formed  in  the  second  case. 

ClaSiCHaCHCeHg  I6.20/0 

ClaSiCHaCHaCHsCl  -f  — <^  ing 

— >  ClaSiCHaCHaCHgCeHs  47% 

Airi 

CHaSiClaCHaCHaCHaCl  4- CelTe - *  CJaSiCHaCUaCHaCsIIe  34o/o 

It  is  evident  that  y-chloropropylmethyldlchlorosilane  is  more  reactive  than  y -chloropropyltrlchlorosilane 
in  Friedel -Crafts  reactions  and  that  it  enters  into  reactions  with  aromatic  comp>ounds  without  undergoing  isomer¬ 
ization. 

In  order  to  establish  the  ratio  of  ortho-,  meta-,  and  para-isomers  in  the  sllicoalkylatlon  products  of  toluene, 
we  carried  out  an  analysis  of  the  spectra  (Raman  spectra)  of  (CH8)3SiCH2CH2CH2C6H4CH3  and  (CH3)3SiCl^CH(CH8)- 
C5H4CH3,  Since  the  spectra  were  identical,  we  present  only  the  spectrum  of  the  first  substance: 
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Cd 

0) 

a 

..  1 

Slli  coalky  la  ting 
agent 

Aromatic 

compound 

Catalyst 

Compound  obtained 

1 

If 

S  o 
(Se 

Boiling  poin 
(pressure  in 

0I,S1C,H,C,I1, 

2—3 

18.0 

100° 

Pheny  Ipropyltrichlo  - 
losuane 

(6) 

C1:,SICHC!CH,CH, 

C.H, 

Al 

[C1,S1C,H,],C.H4 

2-3 

14.4 

172-173 

i 

Bis(trichlorosilylpro  - 

(6) 

pyl)benzene 

ClrSlCH.CHClCH, 

C,H, 

Aid, 

ci,sich,chc,h. 

22 

53.25 

101—102 

1 

CH, 

(6) 

1 

fl  -Phenylpropyltri- 
chlorosilane 

CI,SICH,CHCICH, 

C,lt,CI 

AJCI, 

Cl,SlCH,CnC,H,C 

8 

58.0 

135-136 

1 

CH, 

(8.5) 

8  -Chlorophenylpro- 

pyltrichlorosilane 

C1,S1CH,CHC1CH, 

C,H,CH, 

AlCl, 

C1,S1CH,CHC,H4CH, 

7—8 

57.7 

122.5 

1 

CH, 

(9) 

/S -Tolylpropyltri  - 

chlorosilane 

CI,StCH,CIlCICH, 

CitHio 

Al 

C1»S1CH,CHC„H, 

5-6 

22.8 

188—189 

1 

CH, 

(6.5) 

fl-Xenylpropyltri- 

chlorosilane 

CI,S1CH,CHC1CH, 

Al 

C1,S1CH,CHC„H,0 

1.5—2 

42 

183.5-185 

1 

CH. 

(6) 

8  -(p-Phenoxyphen- 

y  l)propyltr  icnloro  - 

1 

silane 

CI,Sirn,CHClCH, 

C,„H. 

Al 

CUSlCHjCHC.oH, 

1.5-2 

29.4 

172 

1 

CIl, 

(8) 

(B  -Naphthyl)propyl- 

trichlorosilane 

f 

Cl,SiCH,CHC,H5 

25-30 

16.2 

116-117 

1 

CH, 

(10) 

C1,S1CH,CH,CH,CI 

r-,H. 

AlCl, 

8  -Pheny  Ipropyltri- 
chloiosiiane 

Cl,SiCH,CH,CH,C,H, 

25-30 

47.0 

120 

1 

y  -Pheny  Ipropyltri  - 
chlorosilane 

(10) 

CI.SICII,CH,CHtCI 

C.H,C1 

AlCl, 

C1,S1C,H,C,H,C1 

Chloroph  eny  Ipropy  1  - 
trichlorosilane 

2-3 

73 

135 

(5) 

CI,StCH,CH,CH,Cl 

C,11»CH, 

Al 

C1,S1C,H,C,H4CH, 

2-3 

34 

126.5-127 

Tolylpropyltrichloro- 

silane 

(4) 

CI,SICH,CH,CH,C1 

Al 

C1,SIC,H.C,,H, 

5-6 

44.8 

193-194 

X  eny  Ipropyltrichlo  - 

(6.5) 

rosilane 
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TABLE  1  (continued) 
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1 

.3 

•3  a 

8,-;; 

DO  a 

t 

gf 

3  1 

6 

3| 

Oi  O 

IS 

C1.S1CH.CH.CH,C1 

C,.Hh,0 

A1 

Cl,SiC,H,C„H,0 

5-6 

48.3 

196-197 

Phenoxyphenylparo  - 
pyltricnlorosilane 

(8) 

C1,S1CH,CH,C1I,C1 

c,A 

At 

2-3 

6.3 

172-174 

Naphthylpropyltri  - 
cnlorosilane 

(7.5) 

CH.SIC1,CH,CHC1CH.  | 

0.H, 

At 

CH,SiCt,CH,CHC,H, 

3—4 

43.5 

99  (6) 

CH, 

8  -Phenylpropylraetii" 
yldictuorosilane 

CH.SlCliCH,CHCICH, 

C,H.C1 

At 

CH,StCl,CH,CHC,H«Cl 

3—4 

40.0 

126—127 

1 

CH, 

(6) 

8  -Chlorophenylfffo- 
py  Im  ethy  Idichloro  - 
silane 

CH.SlCl,CH.CHCICH. 

C,H.CHt 

At 

CH,S1CUCH,CHC,H«CH, 

8  -Tolylpropylmeth- 
yldicnlorosilane 

3—4 

40.0 

111  (6) 

CH,S101,CH.CHC1CH, 

C.,Hm 

At 

CH,SiCUCH,CHC„H. 

6-8 

16 

187—190 

1 

CH, 

(6.5) 

8  “X  enylpropy  Imeth- 
yldicnloiosuane 

CH.SiCl.CH,CHClCH, 

C„H„0 

At 

CH,S1C1,CH,CHC„H,0 

6—8 

26.6 

180—184 

1 

CH, 

(7) 

8  “(Rienoxyphenyl)- 
propylmetnyldi- 

chlorosilane 

CH^1C1,CH,CHC1CH, 

CmH. 

At 

CH,SlCl,CH,CHC,oH, 

2—3 

26 

171  (6) 

CH, 

8  -(Najrfithyl)propyl- 

m  ethy  Idichloro  - 
silane 

CH.SICI,CH,CH,CH,CI 

C.H, 

AlCl, 

CH3S1CI,CH,CH,CH,C,H, 

8-10 

34.0 

114-115 

y  “Phenylpropylmeilt- 
yldichiorosilane 

(6) 

CH.S1C1,CH,CII,CH,C1 

C.H,C1 

At 

CH,SIC1,CH,CH,CH,C,H,C1 

4-5 

43.6 

130—131 

y  -Cb  lort^henylpro  - 
py  Im  ethy  Idichloro  - 
silane 

(6.5) 

CH,SlCliCll,CH,CH,CI 

C,H,CH, 

At 

CH3StCl,Ct',CH,CH,C,H.CH. 

6-8 

60.8 

123-125 

y  -Tolylpropylmeth- 
yldicnToro$ilane 

(7) 

CH,S  ICI,CH,C  H,CH,CI 

C„H, 

At 

CHjSiCt  ,CH,CH,CH,C,„H 

3-4 

38.5 

184-185 

y-Naphtiiylpropyl- 

methyldichlorosilani 

(5) 

Cl,StCH,CH,CI 

C1,S1CH,CH,C.H» 

At 

(C1,S1CH.CH,),C,H. 

42 

32.6 

180-181 

Bis(trichlorosilyleth  - 
yl)benzene 

(8) 
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Original  compound 


CI,S1CH(C,H,)CH,CH, 

C1^1CH,CH(C,H,GI)CH, 

CI,SiCH,CH(C,Ht) 

C1,SICHiCH(C,H4CII,) 

CH, 

C1,S1CH,CH(C,|H,)CH. 

Cl,SiCH,CH(C.,H,0)CH, 

CI^ICH,CH(C,oH,)CH, 

CI,SiCH,CH,CH,C,H. 

C1>SICH,CH,CH,C,H,C1 

C1,S1CH,CH,CH,C,H«CH, 

C1,S1CH,CH,CH,C„H, 

01,SiCH,CH,CH,C„H,0 

CI,S1CH,CH,CH,C„11, 

CH,S1CI,CH,CH(C,H5)CH, 

CH,S1CI,CH,CH(C,H.C1  )CH, 

CH  ,SiCl,CH,CH(C.H4CH3)CH, 

CH,S1C1,CH,CH(C„H,0)CH, 

CH,SICl,CH,CII(C,jH,)CIli 

CIf,SlCl,CH,CH,Clt,C,H, 

cn,sici,cn,cn,cn,c,H4Ci 

CH,SlCl,CH,CII,CII,C.H,CHj 

CH,SlCl,CH,CH,CH,C,oH, 


Compound  obtained 


(C,H,),SICH(C,H,)CH,CH, 

a  -Pheny  Ipropy  Itrietftyl  - 
silane 

(CHj)  ,S1CH,CH  (C,H4C1)CH, 

13  -Qilorophenylpropyl- 
trimethylsilane 
(CH,),S1CH,CHC,H, 

I 

CH, 

fl  -Phenylpropyltrimeth  - 
ylsilane 

(CH,),S1CH,CH  (C,H4CH,) 

I 

CH, 

B  -  Toly  Ipropyltrim  ethyl- 
silane 

(CH3),S1CH,CH(C„H,)CH, 

B  -Xenylpropyltrimethyl- 
silane 

(CH,),S1CH,CH(C„H,0)CH, 

B  -(Phenoxyphenyi)^o- 
pyltrimemylsilane 

(CH,),SiCH,CH(C,„H,)CH, 

B  -(Nariithyl)propyltri- 
methylsiiane 

(CU,),SlCn,CH,CH,C,H, 

y  -Phenylpropyltrimeih  - 
ylsilane 

(CHj)3SiCH,CH,CH,C,H4Cl 
y  -Cnlorophenylpropyl- 
trimethylsilane 

(CH,),S1CH,CH,CH,C,II4CH, 

y  -  Toly Ipropy Itri  m  eth  - 
ylsilane 

(CH,,),SlCH,CH,CH,C„H, 
y  -Xenylpropyltrimeth  - 
ylsilane 

(CH,KSiCHjCH,CH,C„H,0 
y  -(Pnenoxy  phenyl)pro  - 
pyltrimemylsilane 

y  -Najpn  thy  Ipropy  Itri  eth  = 
ylsilane 

(CH,)3SiCll,CH(C,H,,)CH, 

B  -Phenylpropyltrimeth - 
ylsilane 

(CH3)3SiCH,CH(C„H,Cl)CIl, 

fl  -Cnlorophenylpropyl- 
trimethylsilane 

(CH,),SIC1I,CH(C.H,CH3)CH,1 
fl  -Tolylpropyltrimeth- 
ylsilane 

(CHj)3S1CH,CH(C„H,0)CH, 

6  -(ftenoxYphenyl)pro- 
pyltrimemylsilane 

(CH,),Stc:il,Cfl(C,„H,)CH. 

fl  -(Naphthyl)propyltri- 
methylsilane 

(Ch,),SICH,CH,CH,C„nj 
y  -Phenyliwopyltrimeth- 
ylsilane 

(CH..),S1CH,CH,CH,C4H4C1 
y  -Chlorophenylpropyl- 
trimethylsilane 

(CH,),SiCH,rH,CH,C,n4CH, 
y  -Tolylpropyltrimethyl- 
siXdnc 

(Cll,),SiCM,CI!,Cn,C,nH, 

y  -Nai^  thy  Ipropy  Itri  - 
metnylsiiane 


Oil 

Boiling 
point  (pres¬ 
sure  in  mm' 

20 

MR^ 

n 

<2 

46 

117—118° 

(6.5) 

1.4965 

0.8959 

76.37 

60.2 

103—104 

(6) 

1.5022 

0.9778 

68.24 

57.1 

94  (13) 

1.4872 

0.8723 

63.33 

71.6 

94  (6) 

1.4900 

0.8751 

68.06 

38.8 

157—158 

(6) 

1.5540 

0.9573 

89.72 

80 

164—166 

(6) 

1.5355 

0.9829 

90.03 

43.4 

147—148 

(7) 

1.5560 

0.9553 

81.09 

55.9 

84.5-85 

(5) 

1.4864 

0.8701 

63.40 

44.1 

111—112 

(8) 

1.5021 

0.9750 

68.55 

32.6 

112—113 

(10) 

1.4885 

0.8682 

68.42 

52.6 

171  (6.5) 

1.5529 

0.9587 

89.44 

50 

163-164 

(6) 

1.5340 

0  9817 

89.92 

56 

188-190 

(6) 

1.5485 

0.9585 

94.08 

80 

79  (6.5) 

1.4874 

0.8717 

63.39 

42 

105  (7) 

1.5050 

0.9845 

68.09 

43.7 

92-93 

(6) 

1.4898 

0.8722 

68.28 

65.8 

164-165 

(6) 

1.5358 

0.9868 

89.72 

61.7 

150  (6) 

1.5558 

0.9541 

81.52 

87 

78  (6.5) 

1.4865 

0.8664 

63.68 

72 

no  (7..5) 

1.5030 

0.9760 

68.45 

66 

103—104 

(7) 

1.4900 

0.8711 

68.31 

45 

158-159 

(6.5) 

1.5535 

0.9527 

81.32 
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1  Found  (in  %  | 

c 

H 

SI 

Cl 

Calculated  (in  °h) 


Empiri¬ 
cal  for¬ 
mula 


68.62  63.49,  63.34  8.53,  8.59  11.38,  11.62  14.92,  15.32  C„H„S1C1  63.57  8.,39  12.36 


76.67 

77.09,  77.04 

68.62 

63.49,  63.34 

63.78 

74.96,  74.92 

68.35 

75.90,  75.92 

88.02 

80.40,  80.40 

89.79 

76.20,  76.10 

79.23 

79.22,  79.20 

63.78 

75.00,  75.20 

68.62 

63.46,  63.49 

68.35 

75.88,  75.70 

88.02 

80.82,  81.00 

89.79 

76.20,  76.20 

93.12 

- 

63.78 

— 

68.62 

— 

68.35 

— 

89.79 

- 

79.23 

79.30,  79.50 

63.78 

- 

68.62 

- 

68.35 

— 

79.2.3 

79.65,  79.70 

76.93 

11.11 

11.96 

63.57 

8.,39 

12.36 

75.19 

10.33 

14.48 

C„H„S1  75.92  10.27  13.81 


8.93,  8.91 
8.88,  8.71 

9.77,  9.89 
10.78,  10.84 

8.78,  8.60 
10.23,  10.27 

8.98,  8.92 
8.44,  8.48 


10.70,  10.50 
9.35,  9.66 
9.95,  10.20 
14.15,  14.42 
12..38,  12.32 
13.18,  13.58 
9.24,  9.50 
9.94,  9.45 


80.62 

8.95 

10.44 

76.05 

8.45 

9.85 

79.34 

9.09 

11.57 

75.19 

10.33 

14.48 

63.57 

8.39 

12.36 

75.92 

10.27 

1.3.81 

80.61 

8.95 

10.44 

76.05 

8.45 

9.85 

9.13,  9.34  11.32,  11.00 


-  -  - 

C'liItjoSi  —  —  — 

C„H„S1C1  _  _  _ 

C„H„Sl  _  _  — 

C„H„OSt  _  _  _ 

C„H„.S1  79.34  9.09  11.57 

C„H»S1  _  _  _ 

C„H„SIC1  _  _  _ 

—  —  — 

C„H„S|J  79.34  9.09  11.57 


224  (4b).  407  (0),  425  (1),  522  (lb).  550  (lb).  588  (2).  609  (8).  644  (4).  694  (4b).  728  (3b),  773  (0),  810  (3), 
824  (3).  900  (1).  1000  (7).  1050  (3b).  1081  (3b),  1181  (5b).  1209  (4),  1243  (3),  1277  (2),  1309  (3),  1378  (4),  1407 
(3b),  1451  (3b).  1611  (5  db  b). 

On  die  basis  of  the  work  of  Landsberg  et  al.  [2],  it  is  possible  to  assign  the  frequencies  at  444,  648,  806, 
824,  1182,  and  1378  cm"*  to  the  para -isomer,  the  frequencies  at  520,  751,  1005,  and  1242  cm"*  to  the  meta- 
isomer,  and  the  frequencies  at  758,  1052,  and  1226  cm"*  to  the  ortho-isomer.  By  comparing  the  intensities  of 
these  lines,  it  was  possible  to  conclude  that  the  para -isomer  comprised  50“/o,  the  meta -isomer  and  the  ortho¬ 

isomer  10%  of  the  mixture.  Approximately  the  same  ratios  were  also  obtained  for  the  products  of  the  silicoalkyl- 
ation  of  chlorobenzene. 

During  the  silicoalkylation  of  benzene  with  a-chloropropyltridilorosilane,  there  was  also  formed,  along 
with  the  mono -substituted  benzene  (18%,  evidently  a  mixture  of  die  a  -  and  fl -isomers),  disilicoalkylated  ben¬ 
zene  in  a  yield  of  14.4%.  Silicoalkylation  of  fl -phenylethyltrichlorosilane  with  fl -chloroethyltrichlorosilane 
led  to  bis-8 -(trichlorosilyl)benzene  in  32.6%  yield.  The  majority  of  the  substances  prepared  were  methylated 
by  means  of  Cl^MgCl. 


EXPERIMENTAL 

The  a-,  6-,  and  y-chloropropyltrichlotosilanes  were  prepared  by  the  method  of  [3]. 

Chlorination  of  methylpropyldichlorosilane.  The  reaction  was  carried  out  in  an  apparatus  which  has  pre¬ 
viously  been  described  [4].  1000  g  of  methylpropyldichlorosilane  was  taken  for  the  reaction.  The  reaction  was 
carried  out  by  heating  to  a  temperature  of  160*  in  a  flask.  Chlorine  was  passed  into  the  reaction  mixture  at  a 
rate  of  200  bubbles  per  minute  (dirough  a  standard  Tishdienko  flask).  Distillation  in  a  column  of  30  theoretical 
plates  gave  337  g  of  methylpropyldichlorosilane,  b.p.  124*  (760  mm),  n^*®  1.4240,  d4**  1.0423;  142.7  g  (17.7%) 
of  a-chloropropylmethyldichlorosilane,  b.p.  153*  (760  mm),  n”  1.4518,  1.1822;  3078  (38.1%) 

fi-chloropropylmediyldichlorosilane,  b.p.  160*  (760  mm),  55*  (15  mm),  np*®  1.4538,  d/*  1.1945;  263.5  g  (32.7%) 
of  y-chloropropylmediyldichlorosilane,  n^*®  1.4610,  d4*®  1.2267.  The  yields  are  based  on  the  methylpropyldi¬ 
chlorosilane  reacted. 

6  -Phenylpropyltrichlorosilane.  The  reaction  of  8  -chloropropyltrichlorosilane  with  benzene  was  carried 
out  in  a  three-necked  flask  fitted  with  a  stirrer,  a  thermometer,  a  reflux  condenser,  and  a  dropping  funnel.  78  g 
of  benzene  and  1.0  g  of  AICI3  were  placed  in  the  flask.  42.36  g  (0.2  mole)  of  8 -chloropropyltrichlorosilane  was 
gradually  introduced  dropwise  and  with  vigorous  stirring.  The  reaction,  with  copious  evolution  of  HCl,  began 
immediately  on  the  addition  of  the  silane  chloride.  After  all  of  the  chloride  had  been  added,  the  reaction  mix¬ 
ture  was  heated  at  80*  for  a  period  of  20  hours.  2  g  of  POClg  was  then  added,  the  precipitate  was  filtered,  and 
the  filtrate  was  distilled.  27  g  (53.25%)  of  8 -phenylpropyltrichlorosilane  was  obtained;  b.p.  101-102*  (6  mm). 
The  reactions  of  8 -chloropropyltrichlorosilane  with  toluene  and  with  chlorobenzene  were  carried  out  under  simi¬ 
lar  conditions;  the  results  are  presented  in  Table  1. 

8  -Xenylpropyltrichlorosilane.  The  reaction  of  8  -chloropropyltrichlorosilane  with  diphenyl  was  carried 
out  in  a  three-necked  flask  fitted  witfi  a  reflux  condenser,  a  stirrer,  a  dropping  funnel,  and  a  thermometer.  53.9  g 
of  di{)henyl  and  0.2  g  of  metallic  aluminum  were  placed  in  the  flask.  At  a  reaction  temperature  of  80*,  after 
the  diphenyl  had  melted,  42.36  g  (0.2  mole)  of  8 -chloropropyltrichlorosilane  was  gradually  added  with  vigorous 
stirring.  Vigorous  evolution  of  HCl  began  at  90*  and  continued  during  the  addition  of  all  of  the  chloride.  The 
reaction  mixture  was  then  heated  for  2-3  hours  at  90-100*.  Distillation  isolated  15  g  (22.8%)  of  8-xenylpropyl- 
trichlorosilane;  b.p.  188-189*  (6.5  mm). 

All  of  the  remaining  reactions  widi  a-,  8-  and  y-chloropropyltrichlorosilanes  and  with  a-,  8-,  and  y- 
chlorofxropylmediyldidilorosilanes  were  carried  out  under  analogous  conditions.  The  results  are  presented  in 
Table  1. 

All  of  the  substances  prepared  were  methylated,  and  the  results  are  presented  in  Table  2. 

SUMMARY 

1.  The  interaction  of  8-  and  y-chloropropylsilane  chlorides  with  aromatic  compounds  was  studied  in  the 
presence  of  A1C1|  or  Al.  It  was  shown  that  the  reactivity  of  the  y-chloroalkylsilane  chlorides  in  this  reaction  is 
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no  lower  than  the  reactivity  of  the  corresponding  0 -isomers. 

2.  Silicoalkylation  of  benzene  with  y -chloropropyltrichlorosilane  gave  the  0-  and  y -isomers  in  a  ratio  of 
1 ;  2.9,  Silicoalkylation  of  benzene  with  y-chloropropylmethyldichlorosilane  gave  only  the  y -isomer. 
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SYNTHESIS  OF 


a -CHLOROETHYL  PHENYL  ACETAL 


M.F.  Shostakovskii ,  M.R.  Kulibekov  and  A.K.  Gorban* 


In  previous  work  [1],  the  interaction  of  vinyl  all^I  ethers  with  ethylene  chlorohydrin  was  investigated,  and 
some  of  the  chemical  properties  of  the  resulting  3  “chloroethyl  alkyl  acetals  were  studied.  In  the  present  work, 
reactions  in  which  ethylene  chlorohydrin  adds  to  vinyl  aryl  ethers  were  investigated  using  vinyl  [^enyl  ether  as 
an  example  of  such  ethers: 


/OCjHs 

CH2=CH0CeH6  +  ClGH2CH20H  -►  CHaCH/ 

\OCH2GH2Cl 

The  study  of  this  reaction  showed  that,  along  with  the  reaction  forming  acetaldehyde  6 -chloroethyl  phenyl 
acetal,  disproportionation  of  this  product  to  acetaldehyde  diphenyl  acetal  and  di( 3 -chloroethyl)  acetal  also  pro¬ 
ceeds  according  to: 

/OGeHfi 

2GH3GH<  -♦  GH3GH(OGeH6)2  -f  GH3GH(0GH2GH2G1)2 

^0GH2GH2G1 

An  analogous  occunence  has  previously  been  observed  during  a  study  of  3  -chloroethyl  alkyl  acetals  [1]. 

EXPERIMENTAL 

20.13  g  of  ethylene  chlorohydrin  (b.p.  129“,  np*®  1.4412)  was  placed  in  a  three-necked  flask  fitted  with  a 
reflux  condenser,  a  mechanical  stirrer,  and  a  thermometer.  30.03  g  of  vinyl  jrfienyl  ether  (b.p.  155*,  np*®  1.5232) 
was  gradually  added,  with  stirring,  to  the  flask.  No  signs  of  reaction  were  observed  during  the  addition.  One  drop 
of  concentrated  hydrochloric  acid  was  then  added,  and  the  mixture  was  heated  to  145*  over  a  period  of  five  hours. 
The  reaction  mixture  was  dried  over  potassium  carbonate  and  distilled  under  vacuum.  The  following  fractions 
were  collected: 

First  fraction,  to  83*  (5  mm),  nn*®  1.4950,  1.92  g;  second  fraction,  84-116*  (4  mm),  njj*®  1.4668,  18.58  g; 
third  fraction,  117-139*  (4  mm),  np*®  1.5382,  23.12  gj  kettle  residue,  4.0  g. 

The  first  fraction  and  the  kettle  residue  were  not  investigated  further. 

A  second  distillation  of  the  second  fraction  isolated  11.0  g  (47%)  of  acetaldehyde  di( 3 -chloroethyl)  acetal 
with  a  b.p.  of  93-95*  (6  mm),  np*®  1.4548,  d4**  1.1796. 

Investigation  of  the  third  fraction  showed  that  it  contained  9.74  g  (36%)  of  acetaldehyde  diphenyl  acetal 
[2]  with  a  b.p.  of  162*  (10  mm),  n^*®  1.5587,  d4*®  1.0937,  MRp  63.13,  calc,  62.94,  and  4.07  g  (8.1%)  of  acetal¬ 
dehyde  3 -chloroethyl  phenyl  acetal  (a  colorless  liquid,  soluble  in  organic  solvents  and  insoluble  in  water),  b.p. 
127-130*  (8  mm).  Up*®  1.5108,  d/®  1.1318,  MR^  53.10,  calc.  52.93. 

Found  %e  C  60.06,  59.82;  H  6.76,  6.90;  Cl  17.62,  17.56.  CioHaO^CL  Calculated  %  C  59.85;  H  6.53; 

Cl  17.66. 
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1.  The  interaction  of  vinyl  phenyl  ether  vrith  ethylene  chlorohydrin  was  Investigated,  and  acetaldehyde  B 
chloroethyl  phenyl  acetal  was  characterized  for  the  first  time. 
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SYNTHESIS  OF  y  ,  y  *  -  DI P  HEN  YL  DIPROP  YL  ACETAL 


M.F.  Shosta  kovskii ,  M.R.  Kulibekov  and  A.K.  Gorban 


A  method  was  previously  proposed  by  one  of  us  [1]  for  the  preparation  of  acetals  of  the  most  varied  struc¬ 
ture,  and  some  of  the  chemical  properties  of  these  compounds  were  studied.  The  purpose  of  the  present  work  was 
the  study  of  the  interaction  of  acetaldehyde  di(6-chloroethyl)  acetal  with  a  Grignard  reagent.  Considering  that 
acetaldehyde  di(/3-chloroethyl)  acetal  is  simultaneously  a  representative  of  both  acetals  and  halogen  compounds, 
it  would  be  expected  tiiat  it  could  react  either  as  an  alkyl  halide  or  at  the  C-O  bond  by  a  Chichibabin-Elgazin 
reaction  [2]. 

Summing  up  the  investigation  of  this  reaction,  which  was  studied  using  the  interaction  of  benzylmagneslum 
chloride  with  acetaldehyde  dl(fi-diloroethyl)acetal.  it  was  shown  that  the  reaction  proceeds  through  the 
chlorine  atoms  according  to  the  scheme: 

CHjGHCOCHjCHaCllj  -f  2G8H6GH2MgCl  -►  GHaGHCOGHaGHaGHaGgHgla, 

while  in  our  previous  invutigations  [3],  it  was  found  that  the  interaction  of  a  Grignard  reagent  with  symmetrical 
and  with  mixed  acetals  not  containing  halogen  in  the  alcohol  radicals  proceeds  at  the  C-O  bonds. 

EXPERIMENTAL 

To  the  Grignard  reagent,  prepared  from  8  g  of  magnesium  and  42  g  of  benzyl  chloride,  was  gradually  added 
23  g  of  acetaldehyde  di(d-chloroethyl)  acetal  [4].  When  the  resulting  viscous  reaction  mixture  was  further  heated, 
it  unexpectedly  foamed  and. then  solidified.  After  the  mass  was  cooled,  it  was  treated  with  Sfo  acetic  acid  until 
it  had  completely  dissolved.  The  ether  layer  was  separated,  washed  with  water,  dried  over  sodium  sulfate,  and 
placed  in  a  distillation  flask.  The  ether  was  distilled,  and  the  re^sidue  (19.8  g)  was  distilled  under  vacuum.  The 
following  fractions  were  obtained:  1st  fraction,  75-120*  (11  mm),  2.05  g;  2nd  fraction,  121-181*  (11  mm), 

5.67  g;  3rd  fraction,  182-260*  (10  mm),  2.9  g;  kettle  product,  2.9  g  (dibenzyl).  The  first  and  third  fractions 
were  not  investigated.  During  the  Investigation  of  the  2nd  fraction,  3.09  g  (8.470)  of  acetaldehyde  di(y -phenyl- 
propyl)  acetal  was  isolated.  It  was  a  colorless  liquid  with  an  aromatic  odor,  readily  soluble  in  organic  solvents 
and  insoluble  in  water. 

B.p.  Ill*  (6  mm),  n^*®  1.5288,  d4*®'l.0073.  MR^  90.64;  calc.  91.24. 

Found  Te  C  80.26,  80.52;  H  8.60,  8.75.  CjoHteOj.  Calculated  %  C  80.53;  H  8.72. 

SUMMARY 

The  interaction  of  acetaldehyde  di(B -ohloroethyl)  acetal  with  benzylmagneslum  chloride  was  investigated. 

It  was  established  diat  the  reaction  proceeds  through  the  chlorine  atoms,  and  not  at  the  C-O  bonds.  Acetalde¬ 
hyde  di(y-phenylpropyl)  acetal  was  described  for  the  first  time. 
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INVESTIGATIONS  IN  THE  FIELD  OF  THE  SYNTHESIS  AND  CONVERSIONS 


OF  OXYGEN-CONTAINING  ORGA  NOSILICON  COMPOUNDS 

ON  THE  INTERACTION  OF  VINYLALKYLCHLOROSILANES 
WITH  VINYL  BUTYL  ETHER  AND  VINYL  LACTAMS 

M.F.  Shosta  ko  vskii  ,  D.A.  Kochkin,  V.A.  Neterman  and  F.P.  Si  d  el  ’  ko  vska  ia 

It  is  known  from  the  literature  that  vinylalkylchlorosilanes  do  not  polymerize  even  when  heated  in  the 
presence  of  either  peroxides  [1]  or  ionic  [2]  catalysts,  or  else  they  form  polymers  of  comparatively  low  molecular 
wei^t.  It  appeared  to  be  of  interest  to  investigate  whether  polymerization  or  copolymerization  of  these  com¬ 
pounds  with  other  unsaturated  compounds  is  possible.  We  established  that  vinylalkyldihalosilanes,  for  example, 
vinylethyldichloro-  and  vinyltrichlorosilane,  do  not  polymerize  on  long  heating  (100*,  200  hours)  in  the  presence 
of  either  ionic  (SnCl2,  SnCl^,  BF3)  or  free  radical  (triethylaluminum,  azobisisobutyronitrile)  initiators.  At  the 
same  time,  unsaturated  organosilicon  compounds  containing  a  double  bond  in  the  middle  of  the  silicon -carbon 
chain  or  containing  two  conjugated  double  bonds  have  a  tendency  toward  polymerization,  either  under  the  in¬ 
fluence  of  radical  initiators  or  through  the  action  of  light.  Thus,  for  example,  tetrachlorodiethylsilylbutene  [3], 
C2H5SiCl2CHjCH2CH  =  CHSiCl^CjHs  has  been  polymerized  to  a  solid,  alcohol-  and  ether -insoluble  polymer  by 
heating  at  100*  for  80  hours  in  the  presence  of  azobisisobutyronitrile.  The  action  of  light  over  a  period  of  five 
months  converted  ethyldichlorobutadienylsilane  to  a  transparent,  rubbery  mass. 

The  following  pairs  of  monomers  were  investigated  in  the  study  of  the  copolymerization  of  vinylalkylchlo¬ 
rosilanes:  vinylmethyl-  and  vinylethyldichlorosilanes  with  vinyl  butyl  ether,  vinylcaprolactam,  and  vinylpyrroli- 
done.  The  experiments  were  carried  out  at  room  temperature  and  at  60*  and  both  witfi  and  without  azobisiso¬ 
butyronitrile  present.  It  was  found  that  under  these  conditions,  vinylalkylchlorosilanes  neither  polymerize  nor 
copolymerize.  They  are  initiators  of  the  polymeriMtion  of  vinyl  butyl  ether,  vinylcaprolactam,  and  vinylpyrro- 
lidone. 

However,  in  the  case  of  the  interaction  of  vinylalkyldichlorosilanes  with  vinylpyrrolidone,  in  addition  to 
vinylpyrrolidone  polymer,  there  was  obtained  a  small  amount  of  products  containing  silicon  and  nitrogen  in  the 
molecule;  these  were  apparently  produced  by  the  interaction  of  these  monomers.  The  initiation  of  polymeriza¬ 
tion  by  viny  la  Iky  lhalosi  lanes  was  probably  due  to  the  liberation  of  hydrogen  chloride,  which  causes  ionic  poly¬ 
merization  of  uhsaturated  compounds.  For  comparison,  experiments  were  carried  out  on  the  polymerization  of 
vinyl  butyl  ether,  vinylcaprolactam,  and  vinylpyrrolidone  in  the  presence  of  a  saturated  alkylhalosilane,  namely, 
ethyltrichlorosilane,  which  also  readily  liberates  hydrogen  chloride.  In  this  case  also,  polymerization  of  the  in¬ 
dicated  unsaturated  compounds  was  observed,  which  indicates  that  the  alkylhalosilane  and  the  vinylalkylhalo- 
silanes  behave  analogously.  Thus,  vinylalkyl-  and  alkylhalosilanes  can  be  used  as  polymerization  initiators. 

EXPERIMENTAL 

The  vinylmethyl-  and  vinylethyldichlorosilanes  were  prepared  by  the  previously  described  [3]  vinylation 
of  methyl-  and  ethyldichlorosilanes.  The  vinylcaprolactam  and  vinylpyrrolidone  were  synthesized  by  vinylation 
of  caprolactam  and  pyrrolidone. 

All  polymerization  experiments  were  carried  out  in  se.aled  tubes  into  which  were  introduced  the  calculate 
amounts  of  the  monomers  (total  amount  was  5  g;  0.2%  initiator);  the  tubes  were  sealed,  and  tlien  were  heated  at 
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60"  for  72  hours  in  some  cases,  and  were  allowed  to  stand  at  room  temperature  for  several  days  in  other  cases. 

The  polymeric  products  obtained  from  vinyl  butyl  etlier  and  vinylalkyldichlorosilane  were  freed  from  unreacted 
monomers  by  treatment  with  ethyl  alcohol,  and  were  then  vacuum  dried  to  constant  weight  Molecular  weights 
of  the  polymers  were  determined  cryoscopically.  Molecular  weights  of  5770  and  5200  were  found  for  the  products 
from  Experiments  1  and  2,  respectively. 

The  polymers  formed  during  the  reactions  of  vinylpyrrolidone  and  viny  lea  pro  lactam  with  the  vinylalkyldi- 
chlorosilanes  were  precipitated  from  benzene  solution  with  ether,  dried  under  vacuum  to  constant  weight,  and 
analyzed  for  content  of  C,  H,  Si,  N,  and  Cl.  During  the  reaction  of  vinylpyrrolidone  and  of  vinylcaprolactam 
with  vinylethyldichlorosilane  at  60*,  tarry,  heterogeneous,  dark  masses  were  formed,  the  separation  of  which  was 
difficult. 

The  products  from  the  reaction  of  vinylpyrrolidone  and  vinylmethyldichlorosilane,  both  with  and  without 
azobisisobutyronitrile  present,  contained  silicon.  In  order  to  fractionate  these  polymers,  they  were  treated  with 
ethyl  alcohol.  This  treatment  gave  small  amounts  of  alcohol-insoluble  powders  (0.3<7o),  which  were  apparently 
products  of  the  interaction  of  vinylmethyldichlorosilane  and  vinylpyrrolidone. 

Composition  of  the  powder  obtained  from  the  experiment  using  an  initiator,  *7cc  C  30.00,  29.91;  H  5.98, 
5.94;  Cl  0.26,  0,30;  Si  33.20,  33.53;  N  1.68,  1.78.  Composition  of  the  powder  from  the  experiment  without 
an  initiator,  C  27.47,  27.04;  H  5.78,  5.59;  Cl  -  none;  Si  32.90,  33.63;  N  4.29,  4.02. 

SUMMARY 

1.  The  interaction  of  vinylalkyl-  and  alky lhalosi lanes  with  vinyl  butyl  ether,  vinylcaprolactam,  and  vinyl¬ 
pyrrolidone  was  investigated. 

2.  The  monomer  pairs  studied  formed  practically  no  copolymers. 

3.  The  major  products  of  the  interaction  of  the  indicated  compounds  were  polymers  of  vinyl  butyl  ether, 
vinylcaprolactam,  and  vinylpyrrolidone, 
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SYNTHESIS  OF  A  L  KEN  YL -a  -  C  N  -  IS  OPROPOX  Y  SIL  A  N  ES 


V.M.  Vdovin  and  A.D.  Petrov 


Alkyl-  and  aryl-a-CN-isopropoxysilanes  have  been  investigated  in  a  number  of  researches  [1-3].  The  in¬ 
terest  in  these  compounds  is  explained,  on  the  one  hand,  by  the  ease  of  introduction  of  a  CN-containing  radical 
into  the  molecule  of  an  organosilicon  compound,  and,  on  the  other  hand,  by  the  tendency  of  the  Si-0  bond, 
which  is  screened  by  a  branch  radical,  toward  hydrolysis  [2.  3].  In  a  previous  paper  [2],  we  reported  on  the  syn¬ 
thesis  of  a  polymeric  CN-containing  product  by  hydrolysis  of  C2H5SiCl2[OC(CH3)2CN].  The  aim  of  the  present 
investigation  was  the  synthesis  of  a-CN-lsopropoxysilanes  containing  unsaturated  radicals,  which  are  also  needed 
for  the  production  of  CN-containing  organosilicon  polymers.  Both  alkenyl-a-CN-isopropoxysilanes  [4]  and  al- 
kenyl-a-CN-isopropoxysilanes  containing  hydrogen  attached  to  the  silicon  [5,  6]  were  of  interest.  The  original 
alkenylchlorosilanes,  both  with  and  without  an  Si-H  bond,  were  prepared  by  direct  synthesis  [7,  8]  and  also  by 
photochemical  chlorination  and  dehydrochlorination  of  ethyltrichlorosilane  [9]. 

These  chlorosilanes  were  converted  to  the  corresponding  a-CN-isopropoxylsilyl  derivatives  by  interaction 
with  acetone  cyanohydrin: 

R,„SiCl„  +  /i  •  HOC(GFl3)2CN  — R,„Si[OC(CH3)2GN]„  +  nGgllgN  •  HGl, 
where m==l  or  2,  /n  +  n  =  4,  a  R  =  CH2=GH— GH2,  GH2=G— GH2andGIl2=GH. 

I 

GH3 

However,  the  interaction  of  allyl-  and  methallyldichlorosilanes  with  acetone  cyanohydrin  and  pyridine, 
with  the  latter  two  in  excess  over  the  calculated  amounts,  unexpectedly  gave  alkenyltri-a-CN-isopropoxysilanes, 
in  addition  to  the  expected  alkenyl-di-a-CN-isopropoxysilanes  containing  an  Si —H  group.  In  a  control  experiment, 
the  interaction  of  CH2  =  C-CH2-SiH[OC(CH3)2CN]2  with  acetone  cyanohydrin  and  pyridine*  also  gave 

CH, 

CH2  =  C-CH2-Si[CX;(CH3)2CN]3.  Similarly,  from  CH3SiCl2H  was  obtained  CH3Si[(X;(CH3)2CN]3  according  to 

CHj 

the  equation: 

GH3SiGl2H  -f  4H0G(GH3)2GN  — -'2  GH3Si|OG(GH3)2GN|3  +  2G5H5N  ■  llGl  + 

-f  Ha  +  2G5II5N  I-  nOG(GH3)2CN. 

It  is  curious  that  other  tertiary  alcohols  react  with  Si— H -containing  silanes  only  under  rigorous  conditions  - 
heating  in  an  autoclave  in  the  presence  of  alkali  [10],  The  ease  with  which  acetone  cyanohydrin  reacts  both 
with  Si-H  and  with  Si -Cl  [1-3]  may  obviously  be  explained  by  the  activating  effect  of  the  polar  CN  group  on 
the  hydroxyl  of  the  alcohol. 


•The  use  of  pyridine  as  a  catalyst  for  reactions  between  Si  — H-containing  silanes  and  acetone  cyanohydrin  is  the 
most  interesting,  because  mineral  bases  are  not  applicable  in  the  case  of  acetone  cyanohydrin,  since  they  cleave 
cyanohydrins  with  the  formation  of  ketones  and  hydrochloric  acid. 
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We  also  studied  the  feasibility  of  introducing  an  allyloxy  radical  into  the  molecule  of  alkyl-a-CN-isopro- 
poxychlorosilanes  by  the  reaction: 

(CflaljSifOCfCFTalaCNJCl  +  IIOCll2-Cn=CH2  — 

— *■  (GH3)2Si(OCH2-CH=Cn2)[OC(CFl3)2CN14-C:,Il5N  •  HGl, 

and  in  this  case,  along  with  the  product  expected  from  the  above  equation,  (CH3)2Si(OCH2-CH  =  CH2)2  and 
(CHj)2Si[OC(CH8)2CN]2  were  also  obtained.  The  formation  of  these  latter  two  compounds  is  explained  by  trans- 
esterification: 

(GH3)2Si(OGFF2-GFF=GFF2)(OG(GFFa)2GNl  (GFf3)2Si(OGFF2GFF=GH2)2  -f 
-f  (GFl3)2Si(OC(GH3)2GNJ2 

or  by  disproportionation  of  the  allyloxy  and  a -cyanoisopropoxy  groups, 

EXPERIMENTAL 

The  properties  of  the  compounds  prepared  are  presented  in  the  Table.  Compounds  (III>-(V1)  were  prepared 
by  the  method  of  [1]  from  equivalent  amounts  of  the  reagents;  (Vll)  was  also  prepared  by  the  method  of  [1]  with 
a  ratio  of  CH2  =  CHSiCl8  to  acetone  cyanohydrin  of  3  : 1. 

Interaction  of  methallyldichlorosilane  with  acetone  cyanohydrin.  37  g  (0.435  mole)  of  acetone  cyanohy¬ 
drin  was  added,  over  a  period  of  0,5  hour  and  with  stirring,  to  27  g  (0,174  mole)  of  methallyldichlorosilane  and 
34.4  g  (0.435  mole)  of  pyridine;  the  temperature  of  the  reaction  mixture  rose  slightly  due  to  exothermic  heat, 
but  no  precipitate  of  pyridine  salt  formed.  The  contents  of  the  flask  were  then  heated  for  three  hours  to  incipient 
boiling  of  the  benzene,  and  was  allowed  to  stand  overnight.  The  benzene  solution  was  filtered  from  the  precipi¬ 
tate,  the  benzene  was  distilled,  and  the  viscous  oil,  which  evolved  a  gas  on  standing,  was  distilled  under  vacuum. 

A  rough  distillation  gave  the  following  fractions:  1st  fraction,  138-142’  (9  mm),  18.2  g;  2nd  fraction,  170-172* 

(9  mm),  3.6  g.  (II)  was  obtained  by  a  second  distillation  of  the  first  fraction.  The  material  which  constituted 
the  second  fraction  had  the  following  properties:  np^®  1.4390  and  d/®  1.0082,  and  it  was  identical  with  (VI). 

The  interaction  of  allyldichlorosilane  (0.382  mole)  with  acetone  cyanohydrin  (0.9  mole)  in  the  presence 
of  pyridine  (0.9  mole)  in  400  ml  of  benzene  gave  (I)  and  also  a  substance  with  a  b.p.  of  178-179’  (9  mm),  n^^® 

1.4340,  d4^®  1.0132,  which  was  similar  to  (V);  the  yield  of  the  latter  compound  was  21°]o  calculated  on  the  allyl¬ 
dichlorosilane. 

When  the  reactants  CH2  =  CHCH2SiCl2H,  HOC(CH8)2CN,  and  C5H5N,  in  amounts  of  0.25,  0.5  and  0.5  mole,  * 

respectively,  and  350  ml  of  benzene  were  reacted,  (I)  was  obtained  in  67*70  yield,  but  no  appreciable  amounts  of 
(V)  were  detected. 

The  interaction  of  12.5  g  (0.05  mole)  of  methallyl-di-a-CN-isoprop)oxysilane  with  8.3  g  (0.1  mole)  of 
acetone  cyanohydrin  and  8  g  (0.1  mole)  of  pyridine,  by  an  analogous  method  but  with  an  eight -hour  heating  of 
the  reaction  mixture  to  the  boiling  p)oint  of  benzene,  gave  substance  (VI)  with  a  b.p.  of  160-162’  (5  mm),  np^® 

1.4394,  d4*®  1.0083.  The  yield  was  61.5*70. 

Methyltri  -a  -CN  -isopropoxysilane  was  prepared  from  23  g  (0.2  mole)  of  methyldichlorosilane,  68  g  of  ace¬ 
tone  cyanohydrin,  and  63  g  of  pyridine  in  200  ml  of  benzene.  After  the  reaction  mixture  had  been  heated  for 
16  hours,  the  usual  treatment  gave  27.2  g  of  a  substance  with  a  b.p.  of  166-168’  (10  mm),  np*®  1.4229,  d4*®  1.0177. 

Literature  data  [2]  for  this  substance:  b.p.  126’  (1  mm),  n^^®  1.4219,  d4*®  1.0155. 

Found  *7ee  N  14.43,  14.34.  CjjHjiOjNjSi.  Calculated  *7«  N  14.27. 

Interaction  of  dimethyl -g-CN-isopropoxychlorosilane  with  allyl  alcohol.  7.2  g  (0.124  mole)  of  allyl  al¬ 
cohol  was  added,  over  a  period  of  0.5  hour,  to  a  solution  of  22  g  (0.124  mole)  of  dimethyl-a-CN-isopropoxychlo- 
rosilane  and  9.8  g  (0,124  mole)  of  pyridine  in  150  ml  of  benzene.  A  precipitate  appeared  after  the  first  drop  of 
allyl  alcohol,  and  the  reaction  became  exothermic.  The  contents  of  the  flask  were  stirred  for  another  one  hour, 
and  the  reaction  mixture  was  then  treated  by  the  usual  method.  The  following  fractions  were  obtained  by  vac¬ 
uum  distillation:  1st  fraction,  80-95’  (40  mm),  5  g,  with  a  sharp  odor;  2nd  fraction,  102-108’  (40  mm),  10.2  g, 
also  with  a  sharp  odor;  3rd  fraction,  92-101’  (5  mm),  5.1  g,  viscous,  odorless  oil.  Fractionation  of  the  first 


2869 


Analysis  for  nitrogen  was  not  carried  out.  Found  %  Si  13.28,  13.24.  Calculated  °Jc:  Si  13.32. 


fraction  gave  a  substance  with  a  b.p.  of  86-87*  (42  mm),  n^^®  1.4172,  d4*®  0.8830.  Literature  data  [6]  for 
(CH,)2SI(0CH2CH  =  CH2)2:  b.p.  155.8’  (745  mm),  n^^®  1.4170,  d4^®  0.8822. 

Fractionation  of  the  second  fraction  gave  substance  (VI).  A  second  distillation  of  the  third  fraction  gave 
(CH,)2Si[OC(CH3)2CN]2  with  a  b.p.  of  125-127’  (21  mm),  n^*®  1.4166,  64^®  0.9640.  Literature  data  [3]:  b.p. 
124-126’  (21  mm),  n^^®  1.4174,  d4^®  0.9644. 

(IX)  was  similarly  obtained  from  equivalent  amounts  of  ethyl-a-CN-isopropoxydichlorosilane,  allyl  alco¬ 
hol,  and  pyridine.  The  substance  (IX)  was  also  separated,  with  difficulty,  from  the  complex  mixture  of  ethers 
by  fractional  distillation. 

SUMMARY 

1.  Seven  alkenyl-a-CN-isopropoxysilanes  and  two  allyloxy-a-CN-isopropoxysilanes,  none  of  which  have 
been  described  in  the  literature,  were  synthesized. 

2.  The  feasibility  of  obtaining  alkenyl-  and  alkyl-a-CN-isopropoxysilanes  by  the  interaction  of  acetone 
cyanohydrin  with  Si -H-containing  silanes  in  the  presence  of  pyridine  was  demonstrated. 
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ORGANOMAGNESIUM  SYNTHESIS  WITH  CARBON  SUBOXIDE.  I 


L.B.  Da.*.hkevich  and  E.I.  Boksiner 


Since  carbon  suboxide  is  an  unusual  ketone  and  behaves  in  a  manner  similar  to  ketene  in  many  reactions, 
it  mi^t  be  expected  that  organomagnesium  synthesis  by  means  of  carbon  suboxide  would  lead  to  the  production 
of  symmetrical  fl-dlketones  according  to  the  scheme: 


0=C=C=C=0  +  2Mg<^^ 


XMsrO^  /OMgX 


V,=C=C 

IK 


O 


H  o  11  II 

Nc=c:=c/  — *  H— c-ciu-c-R. 

R/  \n 


Our  assumption  was  vindicated;  diacetylmethane  [2,4-pentanedione],  dipropionylmethane  [3,5-heptane- 
dione],  divalcrylmethane  [5,7-undecanedione],  dibenzoylm ethane  [1,3 -diphenyl-1,3 -propanedione],  and  difphenyl- 
aceto)metfaane  [1.5-diphenyl -2,4-pentanedione]  were  prepared  by  means  of  carbon  suboxide.  The  yields  of  fl- 
diketones  varied  within  rather  wide  limits  (from  IS  to  lOlo). 

EXPERIMENTAL 

The  ether  solutions  of  carbon  suboxide  were  prepared  by  the  method  of  Staudinger  [1]. 

Preparation  of  diacetylmethane.  To  an  ether  solution  of  methylmagnesium  iodide,  prepared  from  8.0  g  of 
methyl  iodide,  was  added  240  ml  of  an  ether  solution  of  carbon  suboxide  (2.05  g  of  C3O2).  The  reaction  mixture 
was  stined  for  half  an  hour.  The  organomagnesium  complex  was  then  decomposed  with  hydrochloric  acid,  the 
ether  layer  was  separated,  and  the  aqueous  layer  was  extracted  with  ether.  After  distillation  of  the  ether,  the 
residue  was  distilled  at  132-135*  (according  to  the  literature  [2],  diacetylmethane  has  a  b.p.  of  135-136*).  0.39  g 
(15*51))  of  the  substance  (np*®  1.4539,  d/®  0.9701)  was  obtained.  A  qualitative  reaction  with  ferric  chloride  for 
tile  presence  of  an  enol  group  was  positive.  The  amide  of  3,5 -dimethylpyrazole-1 -carboxylic  acid,  m.p,  111- 
112*,  was  prepared  from  the  diacetylmethane;  the  m.p.  is  in  agreement  with  the  literature  value  [2]. 

Dipropionylmetiune  was  prepared  by  the  above  method  from  5.5  g  of  ethyl  bromide  and  180  ml  of  an  ether 
solution  of  carbon  suboxide  (1.50  g  of  C|0|).  1.4  g  (50*^)  of  a  fraction  boiling  at  72-74*  (25  mm),  np*®  1.4050, 
d/®  0.9444,  was  obtained.  According  to  the  literature  [3],  dipropionylmethane  has  a  b.p.  of  80*  (30  mm).  The 
test  for  the  enol  group  was  positive. 

Divalerylm ethane  was  prepared  from  8.0  g  of  butyl  chloride  and  130  ml  of  an  ether  solution  of  carbon  sub- 
oxide  (1.0  g  of  CyO^).  1.2  g  (51*5b)  of  the  material  was  obtained;  n^*®  1.4567,  d4*®  0.9258,  b.p.  84-86*  (17  mm), 
which  is  in  approximate  agreement  with  the  literature  value  [4].  The  test  for  the  enol  group  was  positive. 

Dibenzoylm  ethane  was  prepared  from  15  g  of  bromobenzene  and  60  ml  of  an  ether  solution  of  carbon  sub¬ 
oxide  (0.5  g  C|0^).  After  distillation  of  the  ether  and  treatment  of  the  oily  residue  with  20*51)  NaOH,  crystals  were 
obtained  witii  an  m.p.  of  71-73*,  which  is  in  agreement  with  the  literature  value  [5].  The  qualitative  test  for 
the  presence  of  the  enol  group  was  positive.  The  yield  was  0.93  g  (65*5b). 

Di( phenylaceto)m etha ne  was  prepared  from  13  g  of  benzyl  chloride  and  60  ml  of  an  ether  solution  of  car¬ 
bon  suboxide  (0.48  g  of  CyO|).  The  resulting  oily  residue  soon  crystallized.  M.p.  51-52*  (from  70*5^  ethyl  alcohol). 
The  test  for  the  enol  group  was  positive.  The  yield  was  1.03  g  (68*5o). 


Found  <7«  C  12.40;  H  6.06.  M  (Rast)  250.  CiyHigOj.  Calculated  C  12.70;  H  6.35.  M  252. 

The  complete  analogy  with  the  preceding  reactions  and  the  analytical  data  confirm  that  the  synthesized 
substance  was  dl(phenylaceto)m ethane. 

SUMMARY 

1.  It  was  shown  that  the  interaction,  in  the  cold  and  in  an  ethereal  medium,  of  carbon  suboxide  with  or- 
ganomagnesium  halides  results  in  the  formation  of  symmetrical  alifrfiatic  and  aromatic  6 -diketones. 

2.  In  individual  cases,  the  interaction  of  carbon  suboxide  with  organomagnesium  halides  can  apparently 
serve  as  a  method  for  the  preparation  of  symmetrical  fl -diketones. 
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THE  EFFECT  OF  LOW  MOLECULAR  WEIGHT  MATERIALS 
ON  THE  PHOTOCHEMICAL  DEGRADATION 
OF  POLYETHYLENE  T EREPH TH A L A T E 

V.V.  Korshak,  K.K.  Mozgova  and  Z.P,  Zasechkina 


Up  to  the  present  time,  the  literature  has  presented  only  a  small  amount  of  information  on  the  photochem¬ 
ical  degradation  of  polyesters  in  general  and  of  polyethylene  terephthalate  in  particular.  Griehl  [1]  reported  on 
the  changes  in  the  tensile  strength  of  certain  fibers  occurring  under  the  influence  of  ultraviolet  irradiation.  In 
comparison  with  Perlon  and  viscose  silk,  polyethylene  terephthalate  displayed  the  least  drop  in  tensile  strength. 
According  to  the  data  of  Coleman  [2],  the  intrinsic  viscosity  of  a  polyethylene  terephthalate  sample  changed  by 
only  1-1. S'jfc  after  a  300-hour  irradiation  with  ultraviolet  light.  Under  the  same  conditions,  the  intrinsic  viscosity 
of  a  copolymer  of  polyethylene  terephthalate  and  polyethylene  glycol  changed  by  40%.  The  results  of  an  investi¬ 
gation  of  the  stability  to  light  of  lC-312  and  lC-312-2  polyesters  have  been  published  [3].  The  compositions  of 
these  polyesters  were  not  reported.  The  absorption  of  these  polyesters  in  the  ultraviolet  region  lay  in  the  region 
of  3500  A.  The  absorption  in  tiiis  region  of  the  spectmm  increased  with  an  increase  in  the  duration  of  the  irradia¬ 
tion.  A  number  of  compounds  were  investigated  with  the  aim  of  finding  the  best  stabilizers.  The  most  effective 
stabilizers  were  derivatives  of  o -hydroxy benzophenone.  Salol  exhibited  the  best  protective  effect.  There  have 
also  been  reports  that  organic  compounds  having  a  functionality  greater  than  two  are  stabilizers  for  linear  poly¬ 
esters.  Sudi  compounds  must  contain  ester  groups  [4].  Schnell  [5]  presented  data  on  the  effects  of  the  irradiation 


of  polycarbonate,  films. 


prepared  from  2,2-(4,4’-dlhydroxydiphenyl)pro- 


pane  and  phosgene.  The  mechanical  properties  of  the  film  samples  had  not  changed  after  72  hours  of  irradiation 
widi  a  Hanau-300  lamp  placed  at  a  disunce  of  29  cm  from  the  sample  and  at  an  angle  of  45*.  These  data  repre¬ 
sent  the  extent  of  the  information  available  in  the  literature  on  the  photochemical  degradation  of  polyesters. 


In  the  present  investigation,  we  studied  the  changes  in  the  properties  of  polyethylene  terephthalate  (Lavsan) 
caused  by  the  action  of  the  total  radiation  from  a  PRK-2  lamp  and  also  by  the  action  of  a  narrower  portion  of  the 
spectrum,  the  portion  lying  in  the  range  300-320  m/i  (the  mercury  line  is  at  313  mji).  At  the  same  time,  an  at¬ 
tempt  was  made  to  follow  the  effect  of  certain  low  molecular  weight  compounds  on  the  course  of  the  changes  in 
the  properties  of  polyethylene  terephthalate  under  the  influence  of  ultraviolet  irradiation. 


The  absorption  spectra  of  the  samples  of  polyethylene  terephthalate  film  at  our  disposal  were  not  uniform, 
but  varied  somewhat  from  sample  to  sample.  Sometimes,  a  uniform  absorption  down  to  310  m#i  was  observed; 
at  other  times,  weak  maxima  in  the  absorption  spectra  were  noted  at  345  and  428  mp.  These  data  differ  some¬ 
what  from  the  published  data  [6],  and  this  can  apparently  be  explained  by  certain  differences  in  the  composition 
of  the  polyesters. 


In  order  to  clarify  the  effect  of  low  molecular  weight  organic  compounds  on  the  course  of  the  photochem¬ 
ical  degradation  of  polyethylene  terephthalate,  substances  with  different  structures  were  used  [7].  Each  of  these 
compounds  absorbed  in  the  region  of  250-320  mji,  and  the  absorption  extended  further  into  the  region  of  longer 
wavelengths.  The  additives  used  in  the  present  investigation  were  salol,  the  diethyl  ester  of  dihydroxyterephthalic 
acid.  S -methylumbelllferone,  and  2 -o -hydroxy phenylbenzoxazole.  The  absorption  spectra  of  these  compounds 
were  presented  in  a  previous  communication  [7]. 
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The  organic  compounds  were  introduced  into  the  finished  polyethylene  terephthalate  films.  For  this  pur¬ 
pose,  the  samples  of  film  were  swollen  in  solutions  containing  the  required  substances.  The  amount  of  material 
introduced  into  the  film  was  not  determined  accurately.  The  penetration  of  the  organic  compound  into  the  poly¬ 
mer  film  could  be  estimated  only  qualitatively  by  the  change  in  the  color  of  the  luminescence  of  the  film  sam¬ 
ple  after  swelling  corresponded  to  the  color  of  the  luminescence  of  the  substance  serving  as  the  additive.  The 
prepared  film  samples  were  tested  under  the  same  conditions  as  the  samples  of  polyester  containing  no  additive. 

As  was  indicated  above,  irradiation  of  the  samples  was  by  a  PRK-2  quartz  mercury  lamp.  The  effect  of 
wavelengths  in  the  .?00-320  m/i  region  was  investigated  separately.  This  region  was  of  interest  to  us,  because 
the  300-320  m/j  region  of  the  solar  spectrum  has  a  high  intensity,  and  the  behavior  of  the  polyethylene  tereph¬ 
thalate  films  toward  the  action  of  waves  of  this  length  permitted  estimation,  to  a  certain  extent,  of  the  stability 
of  the  polymer  toward  exposure  to  sunlight. 

Changes  in  the  molecular  weight,  the  mechanical  properties,  and  the  spectral  characteristics  were  deter¬ 
mined  after  irradiation  of  the  film  samples  with  ultraviolet  light. 

EXPERIMENTAL 

Samples  of  the  polyethylene  terephthalate  film,  with  a  thickness  of  30-40  ii  and  oriented  in  the  longitudinal 
direction,  were  submerged  in  a  solution  of  the  organic  compound  in  a  mixture  of  Chlorex  and  ethyl  alcohol 
(2 ;  3).  The  swelling  time  of  the  films  in  the  solution  was  18  hours.  After  the  expiration  of  this  period,  the  sam¬ 
ples  were  taken  from  the  solution,  washed  well  with  alcohol,  dried  in  air,  and  stored  in  the  dark.  Some  of  the 
experiments  were  repeated  with  samples  of  polyethylene  terephthalate  film,  the  thickness  of  which  was  also  30- 
40  fi.  These  samples  were  submerged  in  the  solution  of  the  additive  for  only  three  hours.  In  specific  cases,  the 
organic  compound  used  as  the  additive  was  dissolved  in  a  mixture  of  Chlorex  and  ethyl  alcohol  taken  in  a  ratio 
of  1:3.  In  these  experiments,  diethyl  2,5-dihydroxyterephthalate  and  2-o-hydroxyphenylbenzoxazole  served  as 
the  additives. 

Irradiation  of  the  film  samples  was  carried  out  at  20*  with  light  from  a  PRK-2  lamp  placed  at  a  distance 
of  50  mm  from  the  sample.  The  length  of  the  irradiation  was  10  hours.  In  order  to  maintain  this  regime,  the 
entire  apparatus  was  placed  in  a  glass,  thermostatted  bath  filled  with  distilled  water.  The  300-320  mp  region 
was  separated  from  the  total  spectrum  of  the  quirtz- mercury  lamp  by  means  of  a  liquid  filter  which  was  poured 
into  the  bath  together  with  the  distilled  water  [7].  The  irradiation  time  of  the  samples  was  100  hours  in  the  first 
experiments  and  50  hours  in  the  repeat  experiments. 

Samples  of  the  film  before  and  after  irradiation  were  tested  in  a  Poliani-type  dynamometer  [as  in  Russian] 
to  determine  tensile  strength  and  elongation.  Elongation  of  ±e  film  was  across  the  orienutlon  of  the  polymer. 

The  molecular  weight  of  the  polyethylene  terephthalate  was  determined  by  the  viscosimetric  method.  For 
this  purpose,  the  viscosity  of  an  0.5%  solution  of  the  polymer  (film)  in  m -xylene  was  determined  at  25*.  The 
equation  proposed  by  Turska-Kusmiery  and  Skwarski  [8]  was  used  to  calculate  the  molecular  weight: 

5.517  .  10-4  .  yv/”  ’"", 

[jj]  =  7isp/c/(l  +  0.66T}sp)i  where  c  is  the  concentration,  0.5% 

The  change  in  the  absorption  spectra  was  determined  for  the  samples  of  the  film  before  and  after  irradiation. 

The  absorption  spectra  of  the  samples  were  taken  with  a  spectrophotometer  with  a  high-speed  recording  at¬ 
tachment. 


DISCUSSION  OF  RESULTS 

Ten-hour  irradiation  of  polyethylene  terephthalate  film  with  light  from  a  PRK-2  quartz-mercury  lamp  un¬ 
der  the  conditions  of  our  experiments  undoubtedly  leads  to  degradation  of  the  polymer.  This  is  indicated  pri¬ 
marily  by  the  mechanical  properties  of  the  film  and,  chiefly,  by  the  elongation  at  break.  As  seen  from  Figs.  1 
and  2,  the  elongation  at  break  of  two  samples  of  polyethylene  terephthalate  film  of  different  thickness  decreased 
by  a  factor  of  6-8  after  a  ten -hour  exposure  as  compared  to  the  original  value.  The  tensile  strength  of  the  sam¬ 
ples  also  decreased  after  exposure,  but  less  significantly  than  the  elongation.  As  a  practical  matier,  the  samples 
became  less  elastic,  brittle,  and  unsuitable  for  use.  The  molecular  weight  of  the  exposed  samples  decreased  from 
14,300  to  12,000. 
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Fig.  1.  Elongation  curves  for  a  sample  of  poly¬ 
ethylene  tcrephtiialate  (0.003  cm):  1)  before 
Irradiationi  2)  after  10 -hour  exposure  to  a 
PRK-2  lamp:  3)  after  50 -hour  exposure  to 
300-320  mp  radiation. 


ti%) 

Fig.  2.  Elongation  curves  of  a  sample  of 
polyethylene  terephthalate  (0.01  cm): 

1)  before  exposure;  2)  after  10 -hour  ex¬ 
posure  to  a  PRK-2  lamp;  3)  after  50- 
hour  exposure  to  300-320  mp  radiation. 


In  addition,  it  must  be  pointed  out  that  during  the  course  of  the  photochemical  degradation  of  polyethylene 
terephthalate,  we  did  not  observe  the  formation  of  insoluble  material.  It  is  quite  probable  that  the  polymer 
molecule,  under  the  influence  of  photons,  breaks  down  into  small  fragments,  and  the  formation  of  an  insoluble 
three-dimensional  product,  if  it  proceeds  at  all,  does  so  to  a  very  sli^t  extent. 

The  intensity  of  the  absorption  in  the  ultraviolet  region  of  the  spectmm  increased  slightly  with  an  increase 
in  exposure,  and  the  appearance  of  maxima  was  noted  in  the  region  of  330-344  m/i  (Fig.  3).  These  results  are 
in  agreement  with  data  [resented  in  the  literature  for  other  polyesters  [3].  The  increase  in  the  intensity  of  the 
absorption  in  the  ultraviolet  region  of  the  spectrum  after  exposure  of  the  polymer  can  apparently  be  explained 
by  die  appearance  of  more  unsaturation  caused  by  the  decomposition  of  the  molecule  as  a  result  of  photochemi¬ 
cal  degradation.  Moreover,  the  absorption  was  shifted  further  into  the  visible  part  of  the  spectrum,  which  also 
confirms  the  appearance  in  the  polymer  molecule  of  new  bonds,  possibly  aromatic  in  character.  The  effect  of 
exposure  to  radiation  in  the  300-320  mp  region  is  very  slight,  and  is  indicated  chiefly  by  somewhat  of  a  de¬ 
crease  in  the  tensile  strength  of  the  samples. 


Fig.  3.  Absorption  spectra  of  two  samples  of  polyethylene  terephthalate 
films:  1)  before  exposure;  2)  after  10 -hour  exposure  to  a  PRK-2  lamp. 


Before  proceeding  to  a  discussion  of  the  results  obuined  with  samples  of  polyethylene  terephthalate  with 
added  nganic  compounds,  we  should  pause  for  a  moment  to  consider  the  effect  of  the  solvents  used  for  swelling 
the  films  on  die  properties  of  these  films  before  exposure.  As  already  noted,  a  mixture  of  Chlorex  and  alcohol 
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in  two  different  ratios,  namely,  2:  3  and  1 :  3,  were  used 
during  the  course  of  the  investigation.  The  soaking  time 
of  the  films  was  also  varied  from  18  hours  in  the  first  case 
to  three  hours  in  the  second  case.  We  established  that  the 
solvent  undoubtedly  has  an  effect  on  the  properties  of  poly¬ 
ethylene  terephthalate,  even  before  exposure  of  the  polymer 
to  ultraviolet  irradiation.  The  mechanical  properties  of 
the  samples  of  polyethylene  terephthalate  film  were  ap¬ 
preciably  worse  after  swelling,  the  mixmre  containing 
Chlorex  and  alcohol  in  a  2:3  ratio  having  the  greater  effect. 


Fig.  4.  Elongation  curves  for  polyethylene 
terephthalate  samples  (0.01  cm)  treated  with 
solvent:  1)  before  exposure;  2)  after  10 -hour 
exposure  to  a  PRK-2  lamp;  3)  after  50 -hour 
exposure  to  300-320  m/i  radiation. 
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Fig.  5.  Elongation  curves  for  the  sample  of 
polyethylene  terephthalate  with  2 -o -hydroxy - 
phenylbenzoxazole  additive:  1)  before  ex¬ 
posure;  2)  after  10 -hour  exposure  to  a  PRK-2 
lamp;  3)  after  50-hour  exposure  to  300-320 
mu  radiation. 
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In  Fig.  4  are  presented  the  results  of  the  irradiation 
of  samples  of  polyethylene  terephthalate  film  treated  with 
a  mixture  of  Chlorex  and  alcohol  (1:3).  The  additives 
introduced  into  the  film  samples  decreased  the  tensile 
strength  of  the  films  in  comparison  with  the  samples  treated 
with  solvent  alone.  In  addition,  the  elasticity  of  the  films 
containing  additives  was  slightly  lower  than  that  of  the 
solvent -treated  samples;  this  indicates  some  incompati¬ 
bility  of  the  polyester  and  the  substance  used  (see  Table). 

As  would  be  expected,  the  effect  of  the  addition  of  organic 
compounds  was  developed  only  in  samples  exposed  to  light 
in  the  region  of  300-320  mp. 

fl-Melhylumbelliferone  displayed  no  stabilizing  ef¬ 
fect  against  the  process  of  photochemical  degradation  of 
the  polyethylene  terephthalate.  This  appeared  as  a  de¬ 
terioration  of  the  mechanical  properties  of  the  exposed 
samples  containing  this  additive  (see  Table).  The  absorp¬ 
tion  spectrum  of  this  same  sample  after  exposure  showed  a 
small  increase  in  absorption  in  the  ultraviolet  region.  The 
results  of  a  previous  investigation  [7]  showed  that  6-methyl- 
umbelliferone  decomposes  under  the  conditions  of  the  ex¬ 
periment.  We  assume  that,  since  the  experimental  condi¬ 
tions  were  unchanged  in  the  present  case,  the  fl  -methyl- 
umbelliferone  undoubtedly  behaved  the  same,  and,  decom¬ 
posing  under  the  action  of  photons,  formed  free  radicals 
which  accelerated  tlie  degradation  of  the  polyester. 
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Fig.  6.  Elongation  curves  of  a  polyethylene 
terephthalate  sample  (0.01  cm)  with  diethyl 
dihydroxyterephthalate  additive;  1)  before 
exposure;  2)  after  10-hour  exposure  to  a 
PRK-2  lamp;  3)  after  50-hour  exposure  to 
300-320  mfi  radiation. 


The  addition  of  salol  caused  some  improvement  of 
the  mechanical  properties  of  the  film  after  exposure.  The 
break  strength  and  deformation  were  increased  in  compari¬ 
son  with  the  unexposed  film  sample.  As  has  already  been 
indicated,  the  protective  properties  of  salol  with  respect  to 
polyesters  has  been  reported  in  the  literature  [3].  However, 
salol  has  an  unfavorable  effect  on  the  mechanical  properties 
of  polyethylene  terephthalate  before  exposure,  appreciably 
decreasing  the  tensile  strength  of  the  sample.  Absorption 
in  the  ultraviolet  region  of  the  spectrum  did  not  increase 
after  exposure  of  the  sample  containing  salol.  The  positive  effect  displayed  by  salol  on  exposure  of  the  poly¬ 
ethylene  terephthalate  to  300-320  mfi  radiation  can  be  explained  on  the  basis  that,  being  an  inhibitor,  it  can 
slow  down  the  development  of  free  radicals  during  the  course  of  their  formation  under  the  action  of  radiation. 
Dwelling  for  a  moment  on  the  positive  effect  displayed  by  salol,  it  seems  to  us  desirable  to  recall  the  results  pre¬ 
sented  in  a  previous  communication  [7].  In  this  investigation,  a  positive,  but  only  insignificant  effect  of  salol  on 
the  course  of  the  photochemical  degradation  of  polystyrene  was  detected. 
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Results  of  Mechanical  Tests  on  Samples  of  Polyethylene  Terephthalate  Before  and  After  Exposure' 
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Exposure  time  for  Samples  1-5  was  50  hours,  for  Samples  6-9  -  100  hours. 
•This  sample  elongated  at  a  rate  of  0.072  mm/sec. 


2-o-Hydroxyphenylbenzoxazole  displayed  some  protective  action  (see  Table),  It  should  be  pointed  out 
that  this  compound  had  little  effect  on  the  photochemical  degradation  of  polystyrene,  contributing  only  to  the 
process  of  structure  formation  [7]  (Fig.  5). 

Diethyl  dihydroxyterephthalate  displayed  a  slight  sensitizing  effect  on  the  course  of  the  photochemical  de¬ 
gradation  of  polyethylene  terephthalate  (Fig.  6).  Just  as  in  the  preceding  communication,  we  attribute  this  ef¬ 
fect  to  the  absence  of  absorption  in  the  region  of  250-320  m/i  by  diethyl  dihydroxyterephthalate  This  is  ap¬ 
parently  also  the  chief  reason  that  diethyl  dihydroxyterephthalate  has  no  inhibiting  properties  and  is  incapable 
of  slowing  down  the  photochemical  degradation  of  polyethylene  terephthalate. 

For  their  aid  in  the  recording  of  the  absorption  spectra  and  in  the  determination  of  the  mechanical  proper¬ 
ties,  the  authors  express  their  deep  appreciation  to  I.V.  Obreimov,  G.L.  Slonimskii,  I.Ia.  Kachkurova,  L.Z.  Rogo- 
vina  and  T.A.  Dikareva. 


SUMM  ARY 

1.  The  degradation  of  polyethylene  terephthalate  under  the  influence  of  ultraviolet  irradiation  was  investi¬ 
gated. 

2.  It  was  found  that  degradation  of  polyethylene  terephthalate  proceeds  considerably  more  intensely  under 
the  influence  of  the  total  ultraviolet  radiation  from  a  PRK-2  lamp  than  under  the  influence  of  light  with  a  wave¬ 
length  of  300-320  mp, 

3.  The  introduction  into  polyethylene  terephthalate  of  low -molecular -weight  organic  compounds  as  addi¬ 
tives  has  an  effect  on  the  degradation  of  the  polyester. 

4.  The  results  are  in  agreement  with  the  results  obtained  in  the  investigation  of  the  effect  of  these  same 
additives  on  the  course  of  the  degradation  of  polystyrene. 
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THE  INTERACTION  OF  PHENYLPHOSPHORUS  TETRACHLORIDE 
WITH  DIAZOMETHANE 

L.M.  Iagupol*skii  and  P.A.  lufa 


■I.) 

I<:« 


The  reaction  of  aliphatic  diazo  compounds  with  phosphorus  halogen  compounds  has  been  studied  by  laku- 
bovich  and  Ginsburg  [1].  They  showed  that  phosphoms  trichloride  and  pentachloride  react  with  diazomethane  at 
temperatures  of  —60  to  -40*.  In  the  case  of  phosphorus  trichloride,  the  reaction  stops  at  the  stage  of  the  mono¬ 
alkyl  derivative  -  chloromethylphosphorus  dichloride  is  formed;  with  phosphorus  pentachloride,  the  reaction  pro¬ 
ceeds  to  die  trialkyl  derivative  -  trichlorotrimethylphosphine  is  formed. 

It  was  of  interest  to  investigate  the  reaction  of  arylphosphorus  tetrachloride  with  diazomethane.  It  was 
found  that  phenylphosphorus  tetrachloride  reacts  very  readily  with  diazomethane  at  -40°.  Hydrolysis  of  the  pro¬ 
duct  gave  lu.tu’-dichlorodimethylirfienyli^osphine  oxide.  The  reaction  apparently  proceeds  through  a  stage  in 
which  the  readily  hydrolyzable  cu.ai’-dichlorodimethylphenyl  dichloride  is  formed. 


Gen.-,I»Cl4 +  2CH2N2  No  f  [Crtif.-,P(GH2Cl)2Cl2l 


CoH5P(CFl2Ci)2 

(I) 


The  dichlorodimethylf^enylphosphine  oxide  (I)  was  in  the  form  of  colorless  prisms.  It  was  readily  soluble 
in  alcohol  and  acetone,  difficultly  soluble  in  benzene,  and  sparingly  soluble  in  water.  The  chlorine  atoms  in  the 
chloromethyl  groups  enter  into  exchange  reactions  only  with  difficulty.  They  can  be  replaced  by  iodine  by  means 
of  potassium  iodide,  but  only  under  rigorous  conditions  —  in  boiling  glycol.  The  nitration  of  (I)  can  be  carried 
out  by  heating  with  the  nitrating  mixture  on  a  boiling-water  bath.  The  nitro  group  enters  the  meta  position.  This 
was  proved  as  follows.  The  nitro  group  was  reduced  to  an  amino  group,  and  the  latter  was  replaced  with  chlorine 
by  the  Sandmeyer  reaction. 
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This  same  product  was  prepared  by  alternate  synthesis  according  to  the  scheme: 
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A  mixture  of  these  substances  showed  no  depression  of  the  melting  point. 
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^  .  ...  ^^CHoCl  .  . 

Therefore,  the  0  =  P\.,„Vi  meta  orienting. 

^CH2C1 


EXPERIMENTAL 

cj  a;*-Dichlorodimethylphenylphosphine  oxide  (I).  150  ml  of  absolute  ether  and  25  g  (0.1  mole)  of  phenyl- 
phosphorus  tetrachloride  [2],  prepared  from  phenyldichlorophosphine  [3]  and  chlorine,  were  charged  to  a  reactor 
fitted  with  a  stirrer,  a  dropping  funnel,  a  thermometer,  and  a  condenser  connected  to  a  calcium  chloride  tube. 

The  mixture  was  cooled  to  -40",  and  at  this  temperature,  a  solution  of  9,7  g  (0.23  mole)  of  diazomethane  in 
300  ml  of  ether  was  added  over  the  course  of  an  hour;  the  diazomethane  solution  was  precooled  to  —2*  and  dried 
successively  over  KOH  and  sodium  wire.  After  the  addition  of  half  of  the  diazomethane  solution,  a  colorless 
sludge  formed.  At  the  conclusion  of  the  addition  of  the  diazomethane,  stirring  was  continued  for  30  minutes  at 
a  temperature  of  -40  to  -35",  and  then  the  reaction  mixture  was  allowed  to  stand  overnight  at  0".  On  the  fol¬ 
lowing  day,  without  separating  the  sludge,  the  ether  was  distilled  on  a  water  bath,  and  tfie  residue  was  added  to 
500  ml  of  water.  Foaming  occurred  and  heat  was  evolved  during  the  addition.  After  a  day,  the  product  was  suc¬ 
tion  filtered,  washed  with  water,  dried,  and  crystallized  from  methyl  alcohol.  The  yield  was  7.0  g  (31.4%).  M.p. 
141-142*. 

Found  %:  Cl  32.13,  32,31.  CgHjOPClj.  Calculated  %:  Cl  31.83. 

u),uj'  -Dichlorodimethyl-(m  -nitrophenyl)phosphine  (II).  The  nitrating  mixture  [9.9  g  of  HNOj  (d  1.5)  and 
16.1  g  of  H2SQ4  (d  1.83)]  was  placed  in  a  flask  with  a  ground-glass  joint,  cooled  to  0",  and,  with  stirring,  5.58  g 
of  (I)  was  gradually  added.  A  reflux  condenser  was  joined  to  the  flask,  and  the  flask  and  contents  were  heated 
on  a  boiling  water  bath  for  45  minutes.  The  solution  was  cooled  and  poured  onto  ice.  The  product  was  filtered 
and  washed  with  water.  Recrystallization  from  methyl  alcohol  or  benzene  resulted  in  light-yellow  prisms  with 
a  m.p.  of  155-156*.  The  yield  was  6  g  (93%).  (II)  is  readily  soluble  in  hot  methyl  and  ethyl  alcohols  and  ben¬ 
zene,  but  very  slightly  soluble  in  the  cold  solvents. 

Found  %  N  5.25,  5.32;  Cl  26.51,  26.63.  CgHgOjNPClz.  Calculated  %  N  5.22;  Cl  26.49. 

a;,(j*-Dichlorodimethyl-(m-aminophenyl)pho5phine  oxide  (III).  A  solution  of  5,36  g  (0.02  mole)  of  (II)  in 
50  ml  of  ethyl  alcohol  was  placed  in  a  reactor  fitted  with  a  stirrer,  a  dropping  funnel,  a  reflux  condenser,  and  a 
thermometer;  the  solution  was  heated  on  a  water  bath  to  70",  and  a  solution  of  15.9  g  (0.07  mole)  of  SnClj*  2H2O 
in  10  ml  of  HCl  (d  1.19)  was  added  dropwise  over  a  period  of  30  minutes.  The  mixture  was  heated  at  this  tem¬ 
perature  for  one  hour,  and  then  refluxed  for  15  minutes.  The  alcohol  was  distilled  under  the  vacuum  of  a  water 
aspirator.  An  excess  of  30%  alkali  was  added  to  the  residue.  The  product  was  extracted  with  ether  (five  times 
with  40-50  ml  portions).  The  ether  solution  was  dried,  and  the  ether  was  distilled.  The  yellowish  prisms  were 
recrystallized  from  benzene.  The  yield  was  2.33  g  (56%),  M.p.  llo-lll*.  The  product  was  readily  soluble  in 
alcohol  and  hot  benzene  and  sparingly  soluble  in  cold  benzene. 

Found  %:  N  6.10,  6,15;  Cl  29.54,  29.98.  CgHioONPClj.  Calculated  %  N  5.88;  Cl  29.82. 

Prisms  of  the  acetyl  derivative  were  recrystallized  from  water;  m.p.  163-164*. 

Found  %;  N  5.13,  5.16.  CiqHjjOjNPCIz.  Calculated  %  N  5.0. 

(j,LL)*-Dichlorodimethyl-(m-chlorophenyl)phosphine  oxide  (IV).  0.72  g  (0,003  mole)  of  (III)  was  dissolved 
in  2  ml  of  20%  HCl;  the  solution  was  cooled  to  -3*,  and  diazotized  with  a  solution  of  0.22  g  (0.003  mole)  of 
sodium  nitrite  in  2  ml  of  water.  A  solution  of  0.4  g  (0.004  mole)  of  cuprous  chloride  in  3  ml  of  30%  hydrochloric 
acid  was  prepared,  and,  with  vigorous  stirring,  the  solution  of  diazonium  salt  was  added  to  the  cuprous  chloride 
solution.  The  reaction  proceeded  violently.  The  mixture  was  allowed  to  stand  at  room  temperamre.  On  the 
following  day,  the  mixture  was  heated  at  60"  for  30  minutes.  The  product  was  cooled,  filtered,  washed  with 
water,  and  dried.  White  crystals  were  obtained  by  recrystallization  from  water.  The  yield  was  0,4  g  (52%). 

M.p.  129-130°.  The  product  was  readily  soluble  in  alcohol  and  benzene,  more  difficultly  soluble  in  hot  water, 
and  sparingly  soluble  in  cold  water. 

Founds  Cl  41.65,  41.75.  CgHgOPClg.  Calculated  %;  Cl  41.36. 

Di(m-chlorophenyl)mercury.  A  solution  of  57  g  (0.21  mole)  of  mercuric  chloride  in  75  ml  of  hydrochloric 
acid  (d  1.19)  was  placed  in  a  reactor  fitted  with  a  stirrer  and  thermometer.  The  solution  was  cooled  with  an  ice- 
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salt  mixture,  and  75  g  of  finely  crushed  ice  was  added.  A  solution  of  17.5  g  (0,25  mole)  of  sodium  nitrite  was 
added,  with  stirring,  at  a  rate  such  that  the  temperature  did  not  rise  above  -5“.  A  cooled  solution  of  25.5  g 
(0.2  mole)  of  m-chloroaniline  in  100  ml  of  ether  was  then  added  rapidly.  The  mixture  was  stirred  vigorously 
for  15  minutes,  and  die  product  was  filtered  and  washed  with  water,  alcohol,  and  ether.  The  yield  of  the  double 
salt  of  chlorobenzenediazonium  chloride  and  mercuric  chloride  was  70  g.  20  g  (0.32  g-atom)  of  copper  powder 
and  100  ml  of  acetone  were  placed  in  a  flask  fitted  with  a  stirrer.  The  mixture  was  cooled  to  -5*,  and  22.3  g 
(0.05  mole)  of  the  double  salt  was  added.  The  reaction  began  at  0*.  Exothermic  heat  raised  the  temperature  to 
13*.  Ten  minutes  after  the  reaction  had  subsided,  100  ml  of  25‘5()  aqueous  ammonia  was  added.  On  the  following 
day,  the  mixture  was  refluxed  for  two  hours  and  diluted  with  water  to  700  ml.  After  two  hours,  the  precipitate 
was  filtered  and  washed  on  the  filter  with  water  and  a  small  amount  of  ether.  The  organomercury  compound  was 
extracted  from  the  precipitate  with  ether  (four  times  with  100 -ml  portions).  The  chloroform  was  distilled.  Sil¬ 
very  crystals  were  obtained  by  recrystallization  from  alcohol.  The  yield  was  3.12  g  (23*51)).  M.p.  148-149*.  Di- 
(m -chlorophenyl)mercury  is  readily  soluble  in  hot  benzene,  chloroform,  alcohol  and  acetone. 

Found  Cl  16.44,  16.51.  C^HjClzHg.  Calculated  %  Cl  16.52. 

m-Chlorotrfienyltrfiosphorus  dichloride.  0.5  g  (0,02  mole)  of  di(m -chlorophenyl)mercury  and  25  g  (0.18 
mole)  of  PCI3  were  sealed  in  a  tube  and  heated  at  230-250*  for  24  hours.  The  tube  was  opened,  and  the  liquid 
was  rapidly  filtered  through  a  Nutsch  filter.  The  tube  and  the  precipitate  were  washed  with  absolute  petroleum 
ether.  The  petroleum  ether  was  distilled,  and  the  liquid  residue  was  distilled  under  vacuum.  The  yield  was  6.8  g; 
b.p.  101-103*  (5  mm).  The  liquid  was  filtered  through  a  No.  4  glass  filter  and  again  vacuum  distilled  to  remove 
the  mercuric  chloride. 

m-Chlorophenylphosphorus  dichloride  is  a  liquid  with  a  disagreeable  odor;  it  is  readily  soluble  in  C^Hg 
and  CCI4  and  less  soluble  in  petroleum  ether;  it  is  hydrolyzed  by  cold  water. 

Found  %  Cl,  after  hydrolysis,  33.06,  33.15.  CeH4PCl3.  Calculated  °hi  Cl,  after  hydrolysis,  33.26. 

m  -Chlorophenylphosphorus  tetrachloride.  2.14  g  of  m-chlorophenylphosphoms  dichloride  was  placed  in  a 
flask.  Dry  chlorine  was  passed  throu^  a  tube  which  opened  over  the  surface  of  the  liquid  until  the  theoretical 
amount  (0.71  g)  was  absorbed;  the  flask  was  cooled  periodically  with  water.  Dry  CO2  was  then  passed  into  the 
flask.  The  product  crystallized  from  solution.  The  melting  point  of  the  raw  product  was  46-47*  in  a  sealed 
capillary.  The  yield  was  2.75  g  (quantitative). 

Found;  equiv.  (after  hydrolysis)  5.99.  C5H4PCI5.  Calculated:  equiv.  6. 

-Didilorodimethyl-(m  -chlorophenyl)tdiosphine  oxide.  This  compound  was  prepared  by  the  same 
method  as  (I).  From  2.8  g  (0.01  mole)  ofm-chlorophenylphosphorous  tetrachloride  in  30  ml  of  ether  and  1.1  g 
(0.025  mole)  of  diazomethane  in  100  ml  of  ether  was  obtained,  after  crystallization  from  water  containing  car¬ 
bon,  0.7  g  (31*5^)  of  product  with  a  m.p.  of  129*. 

(j.g;* -Diiododimethylphenylt^iosphine  oxide.  2.23  g  (0.01  mole)  of  (I),  4.4  g  (0.026  mole)  of  KI,  and  18 
ml  of  glycol  were  placed  in  a  flask  with  a  ground -glass  joint  and  fitted  with  a  reflux  condenser  and  calcium 
chloride  tube;  the  mixture  was  refluxed  for  six  hours,  cooled,  and  poured  onto  ice.  The  product  was  filtered. 
White  prisms  were  obtained  by  recrystallization  from  aqueous  alcohol.  The  yield  was  2.5  g  (61.5‘5()).  M.p.  172- 
173*.  The  product  was  soluble  in  methyl  and  ethyl  alcohol  on  heating. 

Found  <54*  1  62.50,  62.60.  C^OPIj.  Calculated  ’%>:  I  62.56. 

SUMMARY 

Phenylphosphorus  tetrachloride  reacts  with  diazomethane  to  yield  a),w*-dichlorodimethylphenylphosphine 
oxide.  The  uJ,a»*-didilQrodimethylphenylphosphine  oxide  group  is  meta  orienting  during  electrophilic  substitution 
in  an  aromatic  ring. 
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SYNTHESIS  OF  6  -  BRO  MO  -  8  -  M  ERG  A  P  TOQU  IN  OL I N  E  (  6  -  B  RO  MO  TH  lOOX  I N  E) 
AND  SOME  OF  ITS  PROPERTIES 


lu.A.  Bankovskii  and  E.F.  Lobanova 


As  shown  by  investigations  currently  in  progress,  8-mercaptoquinoline  (thiooxine)  is  a  good  analytical  re¬ 
agent  for  the  colorimetric  determination  of  metals  -  copper,  palladium,  molybdenum,  manganese,  vanadium, 
and  others  [1].  Derivatives  of  8-mercaptoquinoline  are  also  of  interest  as  possible  analytical  reagents,  since  the 
presence  of  substituents  on  the  quinoline  ring  could  have  an  effect  on  the  properties  of  the  functional  atomic 
groups  and  thereby  change  the  analytical  quality  of  the  reagent. 

The  synthesis  of  8-mercaptoquinoline  and  5-bromo-8-mercaptoquinoline  was  accomplished  by  Edinger  [2] 
and  improved  by  one  of  us  [3].  The  preparation  of  4-chloro-8-mercaptoquinoline  was  described  later  [4].  The 
preparation  of  6-bromo-8-mercaptoquinoline  is  described  in  the  present  communication.  Following  the  method 
of  A.  Edinger,  the  synthesis  of  6-bromo-8-mercaptoquinoline  (VI)  can  be  represented  by  the  following  scheme: 


H,SO, 


Hr, 


SnCl, 


\/^N/ 

I 

SOaCl 

III 


Br 


\/\/\ 


Br. 


HoSnClfi 


NaOII+C.HjCOCI 


HCl 


I 

S-C0C«H5 

(V) 


VN/ 


sn 

(VI) 


EXPERIMENTAL 

6-Bromoquinoline  was  prepared  by  the  method  of  Skraup  from  p-bromoaniline  [5]. 

Preparation  of  6 -bromoquinoline-8 -sulfonic  acid.  The  sulfonation  of  6-bromoquinoline  was  carried  out  by 
the  method  described  for  the  preparation  of  quinoline-8-sulfonic  acid  [6],  except  that  the  6-bromoquinoline  was 
first  converted  by  the  calculated  amount  of  concentrated  sulfuric  acid  to  the  sulfate.  The  latter  was  gradually 
added  in  small  portions  to  a  three-fold  amount  (calculated  on  the  weight  of  6-bromoquinoline)  of  6070  oleum. 

This  procedure  kept  the  evolution  of  heat  and  the  loss  of  SO3  to  a  minimum.  55  g  of  6-bromoquinoline  was 
gradually  added,  with  stirring,  to  26  g  of  concentrated  sulfuric  acid.  Over  a  one-hour  period,  small  portions  of 
the  solidified  6-bromoquinoline  sulfate  were  added,  with  agitation,  to  160  g  of  607o  oleum.  The  reaction  mix¬ 
ture  was  held  at  170*  for  five  hours  in  a  flask  connected  to  a  reflux  condenser  by  means  of  a  ground-glass  joint. 

The  contents  of  the  flask  were  cooled,  poured  into  800  g  of  ice,  and  allowed  to  stand  overnight.  The  6-bromo- 
quinoline-8-sulfonic  acid  was  separated  and  washed  two  to  three  times  with  water;  the  yield  was  70  g  (797o). 

For  preparation  of  the  sodium  salt,  the  6 -bromoquinoline-8 -sulfonic  acid  was  suspended  in  0.5  liter  of 
water  and  neutralized  (to  a  pH  of  about  7)  by  heating  with  a  207>  solution  of  NaOH  (the  pH  was  determined  with 
universal  indicator  paper).  The  solution  was  evaporated,  and  the  sodium  salt  was  dried  at  160*  and  carefully  ground. 


6-Bromoquinoline-8-sulfonyl  chloride.  74  g  of  the  sodium  salt  of  6 -bromoquinoline-8 -sulfonic  acid  was 
carefully  mixed  with  70  g  of  ground  phosphorus  pentachloride,  and  the  mixture  was  heated  in  a  flask  on  an  oil 
bath.  The  reaction  began  at  a  temperature  of  about  lOO”,  and  the  mixture  became  liquid  owing  to  the  formation 
of  phosphoryl  chloride.  The  temperature  of  the  bath  was  raised  to  140-145®,  and  the  reaction  mixture  was  held 
at  this  temperature  for  10-20  minutes  to  the  beginning  of  solidification.  Then,  before  the  melt  solidified  in  the 
flask,  it  was  poured  into  a  large  porcelain  mortar,  distributed  in  a  smooth  layer,  and,  at  the  instant  of  setting,  it 
was  scraped  from  the  sides  of  the  mortar  with  a  porcelain  spatula  and  ground  as  carefully  as  possible.  After  the 
6-btomoquinoline-8-sulfonyl  chloride  had  cooled  completely,  300  ml  of  water  and  ice  was  poured  into  the  mor¬ 
tar,  and  grinding  of  the  solid  lumps  was  continued  to  separate  out  the  phosphoryl  chloride  and  to  leach  out  the 
sodium  chloride.  After  10-15  minutes,  the  sulfonyl  diloride  was  suction  filtered,  washed  with  ice  water,  and 
carefully  pressed.  93  g  of  moist  sulfonyl  chloride  was  obtained. 

Reduction  of  6 -bromoquinoline-8 -sulfonyl  chloride.  The  6 -bromoquinoline-8 -sulfonyl  chloride  was  re¬ 
duced  with  stannous  chloride  on  the  same  day  in  which  it  was  prepared  since  it  undergoes  decomposition  when 
moist.  210  g  of  SnClj*  2H2O  (analytical  grade)  was  dissolved  in  300  ml  of  concentrated  hydrochloric  acid.  The 
sulfonyl  chloride  was  then  dissolved  in  300  ml  of  concentrated  hydrochloric  acid.  This  solution  was  prepared  at 
the  very  last  moment,  since  the  sulfonyl  chloride  rapidly  decomposes  when  dissolved  in  hydrochloric  acid.  The 
slowly  dissolving  lumps  of  6 -bromoquinoline-8 -sulfonyl  chloride  remaining  on  the  bottom  of  the  flask  were  ground, 
and,  without  waiting  for  them  to  dissolve  completely,  the  solution  was  poured  in  a  thin  stream,  with  stirring,  into 
the  solution  of  stannous  chloride.  When  the  solutions  had  mixed,  the  mixture  was  warmed,  and  a  lemon-yellow 
crystalline  precipitate  of  the  complex  of  stannic  chloride  with  6-bromo-8-mercaptoquinoline  formed.  The  stan¬ 
nic  chloride  salt  was  cooled,  filtered  on  a  Buchner  funnel,  washed  with  50  ml  of  hydrochloric  acid  (1 ;  1)  and  then 
with  water,  and  carefully  pressed.  176  g  of  the  moist  stannic  chloride  salt  was  obtained. 

Decomposition  of  the  stannic  chloride  complex  with  6-bromomercaptoquinoline-8-sulfonyl  chloride  and 
preparation  of  the  benzoyl  derivative.  To  176  g  of  the  stannic  chloride  salt  obtained  in  the  preceding  experiment 
was  added,  in  small  portions  and  with  stirring,  a  solution  of  50  g  of  NaOH  in  the  least  possible  amount  of  water 
until  a  homogeneous  mass  was  formed.  0.5  liter  of  water  was  added,  and  the  mixture  was  brought  to  boiling, 
after  which  it  was  diluted  with  another  0.5  liter  of  water.  The  yellow  precipiute  went  into  solution.  The  dark- 
yellow,  turbid  solution  was  filtered.  If  an  appreciable  amount  of  undecomposed  stannic  chloride  salt  remained 
on  the  filter,  the  treatment  with  alkali  was  repeated  using  a  more  dilute  solution.  The  dark-yellow  filtrate, 
which  gradually  became  turbid,  was  cooled,  poured  into  a  large  bottle  with  a  ground -glass  stopper,  and  vigorously 
agitated  with  small  portions  (2-3  ml)  of  benzoyl  chloride  until  the  solution  was  decolorized.  During  this  procedure, 
it  was  necessary  constantly  to  follow  the  pH  of  the  medium  (by  means  of  universal  indicator  paper)i  the  medium 
must  be  strongly  alkaline  (pH  «  10).  If  the  pH  dropped  too  low,  20-30  ml  of  a  20%  solution  of  NaOH  was  added. 

A  yellow,  grainy  precipitate  of  the  benzoyl  derivative  of  6-bromo-8-mercaptoquinoline  formed;  the  precipitate 
was  filtered  and  washed  with  a  dilute  solution  of  alkali  and  then  with  water. 

Decomposition  of  the  benzoyl  derivative  and  isolation  of  6-bromo-8-mercaptoquinoline.  The  benzoyl 
derivative  obtained  in  the  preceding  experiment  was  refluxed  with  350  ml  of  concentrated  hydrochloric  acid  in 
a  500 -ml  flask  joined  to  a  reflux  condenser  by  means  of  a  ground -glass  joint.  The  mixture  was  slowly  boiled, 
and  after  approximately  40-60  minutes,  complete  decomposition  of  the  benzoyl  derivative  occurred  with  the 
formation  of  a  transparent,  dark -yellow  solution.  The  solution  was  cooled  over  a  period  of  2-3  hoijrs,  and  the 
precipitated  coarse  crystals  of  benzoic  acid  were  filtered  and  washed  with  a  small  amount  of  hydrochloric  acid 
(1:1). 

The  yellow  filtrate  (a  hydrochloric  acid  solution  of  6-bromo-8-mercaptoquinoline)  was  transferred  to  a  2- 
liter  flask,  the  flask  was  placed  in  an  ice  bath,  and  the  contents  were  neutralized  (as  indicated  by  universal  in¬ 
dicator  paper)  with  a  saturated,  carefully  filtered  solution  of  sodium  carbonate  (130  g  of  Na2CO|  in  300  ml  of 
water).  Dark-red  crystals  of  6-bromo-8-mercaptoquinoline  precipitated  when  die  pH  reached  5.5-6.  Occasion¬ 
ally,  when  the  solution  was  insufficiently  cooled  during  neutralization,  the  6-bromo-8-mercaptoquinoline  sepa¬ 
rated  in  the  form  of  a  heavy,  blue  oil,  which  crystallized  after  some  time.  The  crystals  were  suction  filtered, 
washed  several  times  with  water,  and  dried  at  room  temperature  on  a  sheet  of  filter  paper.  The  yield  was  15  g 
(19%).  Analysis  of  the  purified  preparations  indicated  that  the  material  contained  two  molecules  of  water  of 
crystallization. 

Found  %:  H  3.69;  N  4.94;  S  11.48.  CgHgNSBr- 2H2O.  Calculated  %c  H  3.62;  N  5.06;  S  11.58. 
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6-Bromo-8-mercaptoquinoline  is  very  sparingly  soluble  in  water  (with  the  formation  of  a  yellow-orange 
solution);  it  is  soluble  in  ethyl  alcohol  and  in  ether  to  the  extent  of  about  0.6  g  and  10  g  per  100  ml,  respectively; 
it  is  soluble  in  other  water -miscible  solvents  (acetone,  dioxane).  It  is  extracted  from  aqueous  solutions  by  water- 
immiscible  organic  solvents.  The  extracts  have  a  yellow  or  orange  color,  and  the  color  is  more  intense  than  that 
of  extracts  of  8-mercaptoquinoline,  This  indicates  that  the  water  of  crystallization  is  firmly  bound  in  the  6- 
brorao-8-mercaptoquinoline,  and  the  reagent  goes  into  the  organic  solvent  (at  least  partially)  in  the  form  of  the 
intensely  colored  dihydrate. 

6-Bromo-8-mercaptoquinoline  dihydrate  is  converted  at  89.5’  to  a  blue  liquid  similar  to  anhydrous  8- 
mercaptoquinoline.  It  may  be  assumed  tiiat,  as  in  the  case  of  8-mercaptoquinoline,  melting  of  6-bromo-8- 
mercaptoquinoline  occurs  witit  the  loss  of  the  water  of  crystallization  and  conversion  to  the  liquid,  anhydrous, 
blue  6 -bromo -8-mercaptoquinoline.  When  heated  in  a  capillary,  the  blue  liquid  condenses  on  the  walls  of  the 
capillary  in  the  form  of  blue  drops  which  soon  crystallized,  forming  completely  colorless,  acicular  crystals. 

These  crystals  gradually  (in  the  course  of  30-50  minutes)  added  the  water  which  had  been  split  from  the  dihy¬ 
drate,  and  wae  again  converted  to  bright-red  crystals  of  the  dihydrate.  We  previously  observed  a  similar  pheno¬ 
menon  during  the  dehydration  of  8-mercaptoquinoline  dihydrate  under  vacuum.  In  this  case,  after  some  time  in 
the  evacuated  desiccator,  the  partially  dehydrated,  red  8-mercaptoquinoline  dihydrate  was  observed  in  the  form 
of  a  white,  solid  mass,  which,  on  further  dehydration,  was  converted  to  a  blue  liquid.  The  white,  intermediate 
product  formed  during  the  dehydration  of  8-mercaptoquinoline  is  apparently  unstable  and  is  formed  under  strictly 
fixed  conditions,  since  we  did  not  observe  it  in  further  experiments.  In  the  case  of  6 -bromo- 8-mercaptoquino¬ 
line,  the  white  intermediate  product  is  stable,  is  formed  readily,  and  can  be  isolated.  The  composition  of  this 
substance  is  not  clear.  It  may  be  assumed  that  the  product  is  the  monohydrate  in  both  cases. 

As  pointed  out  above,  at  89.5*  6-bromo-8-mercaptoquinoline  dihydrate  is  converted  to  a  liquid,  splitting 
off  water  of  crystallization.  Thus,  89.5*  is  not  the  melting  point,  but  the  decomposition  temperature  of  the  di- 
hydrate.  The  removal  of  water  of  crystallization  from  8-mercaptoquinoline  takes  place  at  59*.  The  greater 
strength  of  the  bonding  of  the  water  of  crystallization  in  6-bromo-8-mercaptoquinoline  explains  its  significantly 
greater  stability  (as  compared  to  8-mercaptoquinoline)  toward  the  action  of  atmospheric  oxygen.  6-Bromo-8- 
mercaptoquinoline  dihydrate  was  unchanged  after  standing  open  to  the  air  for  two  months.  In  comparison,  8- 
mercaptoquinoline  oxidized  in  a  few  days  under  the  same  conditions. 

Preliminary  experiments  showed  that,  as  a  reagent  of  the  type  R-SH,  6-bromo-8-mercaptoquinoline  in- 
'teracts  In  aqueous  solutions  with  cations  formed  from  sulfides  which  are  not  hydrolyzed  by  water;  water -insoluble 
inner -complex  salts  ate  formed,  and  these  frequently  impart  an  intense  color  to  the  organic  solvents  with  which 
they  are  extracted.  A  more  detailed  study  of  the  properties  of  these  salts  is  under  way  at  the  present  time. 

SUMMARY 

1.  6-Bromo-8-mercaptoquinoline,  which  has  not  been  described  in  the  literature,  was  synthesized;  it  sepa¬ 
rates  from  aqueous  solutions  in  the  form  of  the  red,  crystalline  dihydrate.  The  dehydration  of  this  substance  was 
studied. 

2.  In  aqueous  solutions,  6-bromo-8-mercaptoquinoline  forms,  widi  the  cation  groups  of  hydrogen  sulfide 
and  ammonium  sulfide,colored  inner-complex  salts  which  are  insoluble  in  water  and  soluble  in  organic  solvents. 
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THE  NUMBER  OF  OPTICAL  STEREOISOMERS  AND  THEIR  DISTRIBUTION 
WITH  RESPECT  TO  THE  DIFFERENT  TYPES  OF  CONFIGURATION 
IN  COMPOUNDS  WITH  CONTINUOUS  SERIES  OF  ASYMMETRIC  CENTERS 

IN  AN  UNBRANCHED  CHAIN 

L  .  A.  Mai 

The  question  of  the  number  of  optical  stereoisomers  and  their  distribution  with  respect  to  the  different 
types  of  configuration  is  of  great  interest  in  the  chemistry  of  sugars  and  other  compounds  with  a  continuous  series 
of  asymmetric  centers.  Moreover,  up  to  the  present,  there  has  been  no  classification  of  such  compounds  by  type 
of  configuration  of  the  chain  of  asymmetric  centers,  and  the  distribution  of  the  stereoisomers  with  respect  to  the 
various  types  of  configuration  is  unknown.  Formulas  for  the  calculation  of  the  number  of  stereoisomers  have  been  ' 

presented  by  Van’t  Hoff  [1]  and  by  E.  Fischer  [2]  for  simple  cases  of  compounds  with  few  asymmetric  centers  in  , 

an  unbranched  chain  and  by  Senior  [3]  for  certain  more  complex  cases  with  a  branched  chain.  A  general  method 
for  calculating  the  number  of  optical  and  geometrical  stereoisomers  was  developed  by  Branch  and  Hill  [4]. 

Ill 

In  the  present  communication  we  shall  consider  the  distribution  of  optical  stereoisomers  with  respect  to  the  jji'l 

various  configurational  types  in  compounds  having  the  structure  X(CHZ)nY,  where  X,  Y  and  Z  are  groups  which 
do  not  contain  asymmetric  centers.  Sugars  and  their  a,(J-derivatives  are  examples  of  compounds  of  this  type.  „„i 

We  divide  compounds  of  this  type  into  three  groups  according  to  the  steric  configuration  of  the  chain  of  asym-  iilii 

metric  centers  (configurational  symmetry  of  the  chain)  regardless  of  whether  they  have  like  or  unlike  terminal 
groups  X  and  Y. 

-I 

1)  Symmetrical  type  -  the  molecule  has  a  plane  of  symmetry;  this  type  is  possible  for  any  (even  or  uneven) 
value  of  n  (erythro-,  xylo-,  ribo-,  alio-,  gala-configuration)  (A). 

2)  Antisymmetric  ("quasi -centrosymmetric")  type  -  rotation  of  one  half  of  the  molecule  through  180*  leads 
to  a  position  of  mirror  symmetry  with  respect  to  the  second  half  of  the  molecule;  this  type  is  possible  only  for  an 
even  number  of  carbon  atoms  n  (threo-,  manno-,  ido -configuration)  (B). 

3)  Unsymmetrical  type  -  the  molecule  has  no  plane  of  symmetry,  and  also  does  not  conform  to  the  condi¬ 
tion  for  an  antisymmetric  type;  this  type  is  possible  with  any  value  of  n  (starting  with  3)  (arabo-,  lyco-,  altro-, 
talo-,  gluco-,  gulo -configuration)  (C). 

As  an  example  we  may  cite  the  polyoxymethylene  chain  (one  enantiomorphous  stereoisomer)  of  tetroses, 
pentoses  and  hexoses. 

^  E  I 

^  -I  ” 
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Compounds  with  like  terminal  groups,  X  and  Y,  we  shall  call  homoterminal,  while  those  with  unlike  ter¬ 
minal  groups  we  shall  call  heteroterminal.  The  ratio  of  the  number  of,  and  the  configurational  interconnection 
of.homoterminal  and  heteroterminal  stereoisomers  having  the  same  chain  of  asymmetric  centers  are  characteris¬ 
tics  of  each  of  the  above  types  of  configuration.  Each  symmetric  homoterminal  compound  corresponds  to  two 
enantiomorphous  stereoisomeric  (D.L)  heteroterminal  compounds,  each  antisymmetric  homoterminal  compound 
corresponds  to  one  heteroterminal  compound  with  the  same  steric  configuration,  and  each  unsymmetrical  homo- 
terminal  compound  corresponds  to  two  heteroterminal  diasteroisomers.  In  the  sugar  group,  these  relationships 
were  established  chiefly  by  the  classic  researches  of  L  Fischer  and  G.  Kiliani,  and,  as  is  well  known,  constitute 
the  basis  of  one  of  the  most  important  routes  for  determining  steric  configuration,  namely,  oxidation-reduction 
conversion  of  aldoses  into  the  corresponding  sugar  alcohols  and  a,(i;-dicarboxylic  acids. 

1)  On  oxidation  of  one  of  the  terminal  groups, a  symmetrical  sugar  alcohol  gives  an  aldose  racemate, 
and  a  dicarboxylic  acid  forms  the  monolactone  racemate,  for  example,  in  the  conversion  cycle  dulcitol  -  D,L- 
galactose— mucic  acid  ~D,L-monolactone  of  mucic  acid  ~D,L-galactonic  acid -D,L-galactose— dulcitol, 

2)  On  going  from  antisymmetric  sugar  alcohols  to  the  corresponding  aldose  and  a, (J -dicarboxylic  acid,  the 
configuration  of  the  chain  is  retained;  for  example,  D-mannitol-D-mannose-D-mannosaccharic  acid -(dilac¬ 
tone  of  D-mannosaccharic  acid)-D-mannitol. 

3)  An  unsymmetrical  sugar  alcohol  and  a, u) -dicarboxylic  acid  correspond  to  two  diastereoisomeric  aldoses, 
monolactones,  and  aldonic  acids;  for  example,  D-sorbitol-D -glucose,  L -glucose -D-glucosaccharic  acid -2  di¬ 
astereoisomeric  monolactones— D-gluconic  acid,  L-gluconic  acid  — D-glucose,  L -glucose -D-sorbitol. 

Formulas  for  calculating  the  number  of  optical  stereoisomers  can  be  derived  as  follows.  If  the  molecule 
has  n  asymmetric  centers  (regions)  (a,  b,  c  ,  .  ,  n)  with  the  possibilities  (possible  number  of  stereoisomers)  p^,  p^,. 

Pc  .  .  .  P[j,  then  the  total  number  of  stereoisomers  for  the  given  molecule  is 

^  =  P»- Pi- Pc'  ••  Pn-  (1) 

Since  in  the  case  of  optical  stereoisomers,  each  asymmetric  center  (region)  has  two  possibilities  (p^^  =  pjj  =  .  .  .  =  2), 

N  —  l".  (2) 

This  formula,  however,  holds  only  in  the  case  of  n  structurally  different  asymmetric  regions;  i.e.,  it  gives 
the  number  of  heteroterminal  stereoisomers.  In  case  there  are  present  structurally  equivalent  asymmetric  regions 
(according  to  the  conditions  for  configurational  symmetry  presented  above),  the  number  of  stereoisomers  is  given 
by  the  formula 


N  —  2”-^  (3) 

where  v  is  the  number  of  equivalent  asymmetric  centers.  According  to  the  conditions  of  classification  of  con¬ 
figurational  symmetry,  for  heteroterminal-symmetric  compounds  with  an  even  value  of  n,  i/  =  n/2,  with  odd 
values  of  n,  1/  =  (n  -  l)/2,  and  for  antisymmetric  compounds,  v  -  n/2.  By  the  introduction  of  the  trigonometric 
multipliers  sin^(7m/2)  and  cos*(7m/2),  we  can  express  the  total  number  of  stereoisomers  for  even  and  odd  values 
of  n  by  equations  for  the  number  of  symmetric  (Nj)  and  antisymmetric  (Na)  stereoisomers.  The  difference  N  - 
—  Ng  —  Na  gives  the  number  of  unsymmetrical  stereoisomers,  Nu- 

Owing  to  the  possibility  of  inversion  identity  ("head -tail"  rotation),  the  total  number  of  homoterminal 
stereoisomers  is  less  than  the  number  of  the  corresponding  heteroterminal  compounds;  for  odd  values  of  n 


N' 


2»-i 


(4) 


and  for  even  values  of  n,  this  number  is  increased  by  the  number  of  antisymmetric  stereoisomers  for  which  in¬ 
version  identity  does  not  exist  (for  example,  D-  and  L-mannosaccharic  acids) 


(5) 
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For  individual  types  of  configurational  symmetry  (N,’,  Ng ),  the  values  of  v  [Formula  (3)]  are  obtained  in 
the  same  manner  as  for  heteroterminal  compounds,  from  the  classification  conditions  of  symmetry.  The  number 
of  unsymmetrical  stereoisomers  Nu  is  similarly  obtained  from  the  difference  N*  -  Ng  -  Na*.  All  of  the  formulas 
presented  below  can  also  be  derived  by  calculating  the  possibilities  for  a  region  and  successively  combining  anti¬ 
symmetric  regions  according  to  the  general  method  of  Branch  and  Hill  [4]. 

Using  a  single  function  for  any  value  of  n  instead  of  separate  functions  for  even  and  odd  values  of  n,  the 
number  of  stereoisomers  (without  accounting  for  racemic,  anomerlc,  and  other  forms)  can  be  expressed  by  die 
following  equations. 


The  Number  of  Stereoisomers  and  Their  Distribution  According  to  Type  of  Configura¬ 
tion  for  X(CHZ)nY  Compounds 


No.  of 

Heteroterminal  compounds  (X  ^  Y) 

Homoterminal  compounds  (X  =  Y) 

asym¬ 

metric 

sym- 

anti- 

unsym- 

total 

sym- 

anti- 

unsym- 

C  atoms 

metrical 

wmmet- 

ric 

met¬ 

rical 

metrical 

symmet¬ 

ric 

metarical 

total 

1 

(2) 

0 

0 

2 

i 

0 

0 

1 

2 

2 

2 

0 

4 

1 

2 

0 

3 

3 

4 

0 

4 

8 

2 

0 

2 

4 

4 

4 

4 

8 

16 

2 

4 

4 

10 

5 

8 

0 

24 

32 

4 

0 

12 

16 

6 

8 

8 

48 

64 

8 

24 

36 

7 

16 

0 

112 

128 

8 

0 

56 

64 

8 

16 

16 

224 

256 

8 

16 
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136 

9 

32 

0 

480 

512 

16 

0 

240 

256 

10 

32 

32 

960 

1024 

16 

32 

480 

528 

I.  Heteroterminal  Compounds 


1)  Total  number  of  stereoisomers 


2)  Number  of  symmetrical  stereoisomers 


N  =  2\ 


(2) 


<i+sln’ 


It  II 

T 


N,=  2~T 


(6) 


3)  Number  of  antisymmetric  stereoisomers 


4)  Number  of  unsymmetrical  stereoisomers 


ft 


(7) 


,V^  =  2”-.2*(^cos2y4-2*'*"  *  j. 


(8) 


II.  Homoterminal  Compounds 

1)  Total  number  of  stereoisomers 


11—2 


2)  Number  of  symmetrical  stereoisomers  (they  are  all  diaster eoisomers) 

I  i  ft 

fi+sln^  — —  2 

N'  —  2  ^  •  (10) 


II. 

I 


3)  Number  of  antisymmetric  stereoisomers 


H 


(11) 
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i.e., 


^(n  are  enantiomor^rfious  pairs. 

4)  Number  of  unsymmetrical  stereoisomers 


N’ 

H  2 


2"- 


w— 2 
1  2 


COS^ 


+  2’ 


-Bln’  — 


(12) 


In  the  Table  are  presented  die  numbers  of  possible  stereoisomers  for  a  given  number  of  asymmetric  carbon 
atoms  up  to  10.  and  also  their  distribution  according  to  type  of  configuration. 


SUMMARY 

1.  Classifications  and  characteristics  of  types  of  configuration  (configurational  symmetry)  are  given  for 
compounds  with  continuous  series  of  asymmetric  centers  in  an  unbranched  chain. 

2.  Equations  are  given  for  calculating  the  number  of  optical  stereoisomers  of  all  three  types;  in  place  of 
different  functions  for  even  and  uneven  values  of  the  variable  (number  of  asymmetric  centers),  single  functions 
are  derived  for  any  value  of  the  variable,  and  these  exhibit  the  oscillating  character  of  the  given  dependence. 
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REACTIONS  OF  PYRIDINIUM  SALTS 


II.  INTERACTION  OF  CHLORO-2.4-DINITROPHENYLATES 
OF  SUBSTITUTED  PYRIDINE  BASES  WITH  ANILINE 

A.F.  Vompe  and  N.F.  Turitsyna 


In  spite  of  the  long  time  that  reactions  resulting  in  the  opening  of  the  pyridine  ring  have  been  known,  the 
effect  of  substituents  in  the  pyridine  ring  on  the  course  of  this  reaction  has  remained  obscure  up  to  the  present. 

In  connection  with  this,  we  have  undertaken  an  investigation  of  the  interaction  of  the  chloro -2,4 -dinitropheny late 
of  pyridine  [N-(2,4-dinitrophenyl)pyridinium  chloride]  and  its  derivatives  (cf.  [1,2])  with  aromatic  amines,  par¬ 
ticularly  with  aniline.  It  was  found  that  this  reaction  can  [proceed  in  different  directions  depending  on  the  nature 
of  the  substituents,  its  position  in  the  pyridine  ring,  and  the  temperature  conditions.  When  a  weakly  electroposi¬ 
tive  substituent  (for  example,  CH3,  NHCCX;H8)  is  present  in  the  fl  -position,  cleavage  of  the  pyridine  ring  proceeds 
at  0-15®  (in  ethyl  alcohol  medium),  but  the  yield  is  less  than  in  the  case  of  unsubstituted  pyridine.  When  alco¬ 
holic  solutions  of  such  chlorodinitrophenylates  are  heated  with  aniline,  the  formation  of  2,4-dinitrodiphenylamine 
takes  place  along  with  ring  cleavage.  In  the  latter  case,  rupture  of  the  N-C6H5(N02)2  bond  evidently  proceeds 
under  the  action  of  the  amine.  Picrates  of  the  corresponding  pyridine  bases  were  isolated  from  the  reaction  solu¬ 
tions  of  the  Individual  experiments. 


►NH^CsHs 


/\ 

- 


/  N  '  Cl 
— I-  — 
16^3(^02)2 


jc6H5NH-CH=CH-CH=C-CH=NHCjHijci 

+  CeHj{N0j)iNH2 

RC5H4N  +  C8H3{N02)jNHCgH5  +  HCl 

R=CH3,0CHj,NHCOCHj 


It  should  be  pointed  out  that  in  the  case  of  the  chlorodinitrofiienylate  of  fl-picoline[N-(dinitrophenyl)pico- 
linium  chloride],  the  formation  of  phenyldinitrophenylamine  also  occurs  at  a  temperature  of  +5*. 

Pyridine  chlorodinitrophenylate  is  almost  quantitatively  cleaved  by  aniline  in  alcoholic  solution,  both  in 
the  cold  and  on  heating,  with  the  formation  of  the  hydrochloride  of  the  dianil  of  glutaconic  aldehyde  [3].  The 
conclusion  follows,  therefore,  that  the  pyridine  ring  is  stabilized  by  the  introduction  of  a  weakly  electropositive 
substituent  (CH3,  CXI:H3  and  NHCOCH3  groups)  into  the  0  -position.  Since  the  introduction  of  these  substituents 
leads  only  to  partial  stabilization  of  the  ring  (along  with  the  phenyldinitrophenylamine,  some  cleavage  products 
are  formed),  we  undertook  the  task  of  determining  the  effect  of  substituents  possessing  clearly  expressed  basic 
properties,  for  example,  the  dimethylamino  group. 

It  was  found  that  the  pyridine  ring  in  the  chlorodinitrophenylate  of  0 -dimethylaminopyridine  [N-dinitro- 
phenyl-0-dimethylaminopyridinium  chloride]  is  very  stable  toward  the  action  of  aniline.  This  compound  does 
not  react  appreciably  with  aniline  at  0-10“,  while  at  60-80“,  only  the  extra-ring  nitrogen -carbon  bond  is  cleaved. 
The  yield  of  phenyldinitrophenylamine  in  this  reaction  amounts  to  85*5^  after  just  a  three-hour  heating. 

The  chlorodinitrophenylates  of  0 -amino-  (cf.  [4])  and  0 -hydroxypyridine  react  with  aniline  in  a  manner 
similar  to  that  of  0  -dimethylaminopyridine  chlorodinitrophenylate.  In  the  case  of  the  hydroxy  compound,  the 
stabilizing  effect  on  the  ring  bonds  is  undoubtedly  due  to  the  formation  of  the  betaine  (I)  (cf.  [1,2]). 


I 


2891 


Thus,  a  further  increase  in  the  electropositive  properties  of  a  substituent  in  the  6- 
position  leads  to  a  considerable  strengthening  of  the  ring  carbon -nitrogen  bonds  in  reactions 
with  ^aromatic  amines.  In  this  case,  only  rupture  of  the  extra -ring  bond  occurs. 

A  shift  of  a  weakly  electropositive  substipjent  from  the  6-  to  the  y -position  also 
leads  to  strengthening  of  the  ring  bonds.  Thus,  for  example,  in  y -acetamidopyridine  chlc- 
(1)“^'*’^*'*  rodinitrophenylate,  in  contrast  to  the  0 -derivative,  the  pyridine  ring  is  cleaved  neither  in 
the  cold  nor  by  heating.  In  this  case,  only  phenyldinltrophenylamine  is  formed  (yield 
after  heating  for  three  hours  on  a  water  bath).  y-Phenylaminopyridine  chlorodinitrophenylate  reacts  in  precisely 
the  same  way  when  heated  with  aniline,  forming  phenyldinltrophenylamine  (yield  23*70  after  heating  for  five  hours 
on  a  water  bath). 

It  is  interesting  that  when  an  iodine  atom,  which  possesses  weakly  electronegative  properties,  is  introduced 
into  the  fl -position  of  the  pyridine  ring,  the  stabilizing  effect  on  the  ring  bonds  completely  disappears;  0-iodo- 
pyridine  chlorodinitrophenylate  reacts  witii  aniline  in  alcoholic  solution  with  rupture  of  the  ring  bonds  [5],  In 
this  case,  it  was  not  possible  to  detect  the  formation  of  phenyldinltrophenylamine  either  in  the  cold  or  with  heating. 

On  heating,  the  reaction  of  the  chlorodinitrophenylates  of  y-acetamido-  and  y -phenylaminopyridine  with 
aniline  is  accompanied  by  the  formation  of  colored  substances  in  addition  to  the  phenyldinitrophenylamine. 

These  same  compounds  are  obtained  when  the  reaction  mixture  is  not  heated.  An  investigation  of  these  sub- 
sunces  showed  that  th^  are  molecular  compounds.  They  will  be  described  in  more  detail  later. 


Furthermore,  the  formation  of  phenyldinltrophenylamine  ( of  theoretical),  in  addition  to  products  of 
ring  cleavage,  was  also  observed  during  the  interaction  of  pyridine  chlorodinitrophenylate  with  aniline  in  aqueous 
alcoholic  solution,  but  not  in  alcoholic  solution.  Hence,  it  particularly  follows  that,  in  addition  to  other  factors, 

the  nature  of  the  solvent  has  an  effect  on*the  course  of  the  reaction. 


It  may  be  assumed  that  in  the  pyridinium  cation  (owing  to  the  high  mobility 
of  the  TT-electrons  of  the  ring),  the  positive  charge  is  associated  not  only  with  the 
ring  nitrogen  atom,  but  also  partially  with  the  carbon  atoms  of  the  pyridine  ring. 
Many  transformations  of  pyridinium  and  quinolinium  salts  can  be  explained  if  it 
is  assumed  that  the  positive  charge  of  their  cations  is  delocalized,  chiefly  at  the 
expense  of  the  a  -  and  y -carbons  of  the  ring  (see  Formula  II).  Thus,  for  example, 
the  ready  transition  of  N-alkyl-pyridinium  and  N-alkylquinolinium  salts  to  pseu¬ 
dobases  during  their  interaction  with  hydroxyl  ions  is  apparently  connected  with 
the  presence  of  a  partial  positive  charge  on  the  a  -carbons  of  the  cation. 


Vyfhen  ±e  alkyl  group  in  N-alkylpyridinium  salts  is  replaced  by  an  electronegative  radical,  there  must  be 
a  considerable  shift  of  the  7r-electron  density  of  the  pyridine  ring  in  the  direction  of  this  radical  (cf.,  for  example. 
Formula  HI),  As  a  consequence  of  this,  there  should  be  a  strengthening  of  the  positive  charges  at  the  a-  and  a*- 
carbons  (owing  to  which  an  attack  by  a  nucleophilic  reagent  is  facilitated)  and  a  weakening  of  the  ring  C  -N 
bonds  in  reactions  with  bases.  This  conclusion  is  in  agreement  with  the  known  experimental  material:  alkyl- 
pyridinium  and  arylpyridinium  halides  do  not  react  with  aromatic  amines  in  contrast  to,  for  example,  2,4-dinitro- 
phenylpyridinium  salts  (cf.  [6]). 

Generally  speaking,  the  introduction  of  a  nitro  group  into  the  benzene  ring  of  an  N -arylpyridinium  salt 
(in  a  position  ortho  or  para  to  the  pyridine  nitrogen)  must  lead  to  a  weakening,  not  only  of  the  ring,  but  also  of 
the  extra -ring  C— N  bonds.  Experiment  shows  that  in  the  case  of  an  unsubstituted  pyridine  ring,  the  ring  C— N 
bonds  are  the  most  vulnerable,  since  the  attack  of  a  nucleophilic  reagent  (an  amine)  is  directed  first  of  all  at 
these  bonds.  In  the  pyridine  chlorodinitrophenylates  having  electronegative  substituents  in  the  0-  or  the  y -posi¬ 
tions,  die  ir-electron  density  in  die  pyridine  ring  must  be  increased  under  the  influence  of  these  substituents  (In 
comparison  widi  derivatives  which  are  not  substituted  in  the  ring).  For  this  reason,  an  attack  by  an  amine  is  di¬ 
rected  predominantly  at  the  extra -ring  nitrogen -carbon  bond  rather  than  at  the  ring  bonds. 

From  this  point  of  view,  the  introduction  into  the  pyridine  ring  of  stron^y  electropositive  substituents  diould 
entirely,  or  almost  entirely,  prevent  the  ring-cleavage  reaction.  As  already  pointed  out  above,  experiments  have 
confirmed  this  proposition.  The  existence  of  a  shift  of  ir-electrons  toward  the  ring  nitrogen  atom  with  the  intro¬ 
duction  of  electropositive  substituents  into  the  pyridine  ring  can,  in  certain  cases,  be  confirmed  indirectly  ~by 
a  comparison  of  the  experimental  dipole  moments  with  those  calculated  on  the  basis  of  additivity  for  the  original 
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bases.  Thus,  for  example,  for  y-phenylaminopyridine  the  experimental  value  of  the  dipole  moment  (3.64  .D) 
differs  considerably  from  the  calculated  value  (2.72  D  [7]).  Such  an  increase  can  be  explained  only  by  a  shift  of 
electrons  from  the  phenylamino  group  to  the  ring  nitrogen. 

The  presence  of  color  in  y-phenylaminopyridine  chlorodinitrophenylate  indicates  a  partial  transition  of 
the  phenylamino  group  in  this  compound  to  the  tetra valent  state. 

The  conversions  of  chlorodinitrophenylates  of  8-  and  y -substituted  pyridines  under  the  influence  of  aniline, 
which  were  the  subject  of  our  studies,  constitute  an  example  of  the  general  reaction  in  which  quaternary  salts  of 
pyridine,  quinoline,  and  isoquinoline  are  cleaved  by  the  action  of  water,  alcohols,  aromatic  amines,  phenols, 
and  other  substances.  In  all  of  these  cases,  rupture  of  the  extra -ring  bond  proceeds  especially  readily  if  the 
hetero  ring  has  little  tendency  toward  mpture  (for  example,  in  quinoline)  and  if  the  heterocyclic  nitrogen  atom 
is  joined  to  an  electronegative  radical.  Thus,  the  presence  of  an  electronegative  radical  leads,  in  general,  not 
only  to  a  weakening  of  the  ring  C-N  bonds,  but  also  to  a  weakening  of  the  extra -ring  N— C. 

A  considerable  number  of  reactions  of  this  nature  are  described  in  the  literature.  Thus,  during  the  interac¬ 
tion  of  isoquinoline  chloro -2,4 -dinitropheny late  in  alcoholic  solution  with  aniline  or  with  p-toluidine,  2,4-di- 
nitro-a-naphthylamine  and  2,4-dinitro-ot-naphthyl-p-tolylamine  are  formed  [8].  Kabachnik  and  Zitser  found 
that  6,7-dimetiioxyisoquinoline  chloro-2,4-dinitrophenylate  reacts,  in  alcoholic  solution,  with  these  same  amines 
in  a  similar  manner  [9].  It  is  interesting  that  4-pyridylpyridinium  dichloride  reacts  wifli 
aniline  to  form  the  hydrochloride  of  glutaconic  aldehyde  dianil  [glutacondianil]  and  y- 
phenylaminopyridine  [10],  Consequently,  in  this  case,  both  reactions  -  ring  cleavage 
and  splitting  off  of  the  extra -ring  radical  —  proceed  at  commensurate  rates.  Under  the 
action  of  potassium  phenolate  in  phenol  solution,  4-pyridylpyridinium  dichloride  is 
cleaved  with  the  formation  of  y-phenoxypyridine  [11].  8 -Nitro-y-pyridylpyridinium  " 

chloride  is  readily  cleaved  by  water  with  the  formation  of  8 -nitro-y -hydroxy pyridine  ' 

[12].  On  heating  the  betaine  (IV)  with  methyl  or  ethyl  alcohol,  rupture  of  the  extra-  i| 

ring  bond  occurs,  and  die  corresponding  esters  of  dinitrosalicylic  acid  and  pyridine  are  i 

obtained  [13]. 

It  is  interesting  that  in  quaternary  salts  of  aromatic  amines  with  an  electronegative 
atom,  rupture  of  the  N-C  bond  accompanied  by  splitting  out  of  alkyl  halide  very  fre¬ 
quently  proceeds  spontaneously  at  ordinary  temperatures.  Thus,  for  example,  the  product  of  the  addition  of  phos¬ 
gene  to  trimethylamine  decomposes  with  the  evolution  of  methyl  chloride  at  ordinary  temperatures  [14].  In  pre¬ 
cisely  the  same  manner,  the  interaction  of  2,4-dinitrochlorobenzene  with  trimethylamine  readily  yields  2,4 -di- 
nitrodimethylaniline  with  the  elimination  of  methyl  chloride  [15],  The  chlorodinitrophenylate  of  trimethylamine 
[dinitrophenyltrimediylammonium  chloride]  is  so  unstable  that  it  cannot  be  isolated  from  the  reaction  mixture. 

Undoubtedly,  von  Braun  cleavage  of  amines  by  means  of  cyanogen  bromide  also  belongs  to  this  series  of  reactions. 

An  interesting  question  arises  as  to  the  mechanism  of  the  rupture  of  ring  and  extra-ring  C— N  bonds  in  pyr- 
idinium  salts,  particularly  in  the  chlorodinitrophenylates  of  substituted  pyridines,  under  the  influence  of  aromatic 
amines  and  other  substances.  It  is  very  probable  that  cleavage  of  these  bonds  proceeds  simultaneously  with  the 
formation  of  tlie  covalent  bond  between  the  a -carbon  of  the  pyridine  ring  or  the  corresponding  carbon  of  the 
benzene  ting  and  the  nitrogen  atom  in  the  amine  molecule  (cf.  [16]).  However,  with  respect  to  cleavage  of  the 
extra -ring  bonds,  another  mechanism  is  possible.  Undoubtedly,  pyridine  chlorodinitrophenylate  and  related  com¬ 
pounds  possess  die  dual  character  of  quaternary  ammonium  salts  and  molecular  compounds  (cf.,  for  example,[17]). 

However,  the  phenomenon  of  dissociation  in  solutions  is  a  characteristic  of  many  molecular  compounds.  As  a  re¬ 
sult  of  an  investigation  of  the  kinetics  of  the  reaction  between  picryl  chloride  and  pyridine  in  ethyl  alcohol, 

Hodges  [18]  came  to  the  conclusion  that  the  following  equilibrium  is  established  in  alcohol  solution: 

4 

CsHr.N  [- ClC,iH2(N02)n  r,,n5NC,il[2(N02)3CI 

It  is  possible  that  a  similar  equilibrium  is  established  in  alcoholic  solutions  of  chlorodinitrophenylates  of 
substituted  pyridines. 

If  a  chlorodinitrophenylate  is  insignificantly  dissociated  in  alcoholic  solution  at  low  temperatures, 
and  if  the  substituent  in  tlie  pyridine  ring  does  not  possess  a  highly  stabilizing  effect  on  the  ring  bonds,  then  it  is 
possible  for  the  ring-cleavage  reaction  to  proceed  preferentially  in  the  presence  of  an  aromatic  amine.  Naturally, 
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on  heating  an  alcoholic  solution  of  the  chlorodinitrophenylate,  dissociation  will  increase.  In  this  case,  when  an 
electropositive  substituent  is  present  on  the  pyridine  ring,  the  formation  of  phenyldinitropiienylamine  (or  its 
derivative)  can  emerge  as  the  chief  reaction.  As  already  pointed  out.  when  a  weakly  electropositive  substituent 
is  present  in  the  fl -position  of  the  pyridine  ring,  cleavage  of  the  extra -ring  bond  in  the  corresponding  chlorodi¬ 
nitrophenylate  proceeds  (in  alcoholic  solutions)  as  the  predominant  reaction  at  elevated  temperatures.  Moreover, 
in  contrast  to  reactions  involving  cleavage  of  tfie  ring  C  -N  bonds  (under  the  influence  of  aromatic  amines)  in 
these  same  compounds,  rupture  of  the  extra -ring  bond  proceeds  significantly  more  slowly.  In  addition,  it  is  known 
that  the  formation  of  dinitro-a-naphthylphenylamine  or  dinitro-a-naphthyl-p-tolylamine  during  the  action  of 
the  approfwiate  amines  on  isoquinoline  chlorodinitronaphthylate  [N-dinitronaphthylisoquinolinium  chloride]  also 
proceeds  appreciably  more  slowly  than  the  usual  reaction  of  cleavage  of  the  pyridine  ring*  (cf.  [8]).  All  of  the 
above  statements  support  the  assumption  of  the  dissociation  of  chlorodinitrophenylates  of  substituted  pyridines  into 
the  components  during  their  interaction  with  aromatic  amines  in  alcoholic  solutions. 

EXPERIMENTAL 

Interaction  of  pyridine  chloro-2,4-dinitrophenylate  and  aniline  on  heating.  To  a  hot  solution  of  2.8  g  of 
pyridine  chloro-2,4-dinitrophenylate  in  30  ml  of  30*70  ethyl  alcohol  was  added  1.86  g  of  aniline,  and  the  mixture 
was  refluxed  for  four  hours.  When  the  liquid  was  gradually  cooled,  a  heterogeneous  precipitate  —  yellow  plates 
(which  constituted  the  major  part  of  the  precipitate)  and  orange  crystals  -  separated.  The  crystals  were  filtered 
and  dried  (weight,  1.65  g;  m.p,  171*),  and  were  then  treated  with  hot  toluene  (twice  with  5-ml  portions).  The  in¬ 
soluble  portion  (1.33  g)  consisted  of  yellow  plates  with  m.p.  179-180*,  and  they  did  not  cause  depression  of  the 
melting  point  when  mixed  with  known  2.4-dinitroaniliP.6.  Yellow  crystals  of  2,4-dinitroaniline (0.06 gi  m.p.  177- 
178*)  precipitated  from  the  cooled  tolurae  extract.  Thus,  the  over-allyield  of  dinitroaniline  was  1.39  g  (76*70). 

The  toluene  solution  was  evaporated  to  dryness,  and  the  residue  was  recrystallized  from  aqueous  alcohol.  This 
procedure  yielded  reddish -orange  needles  (0.02  g)  with  an  m.p.  of  156-157*,  which  did  not  cause  de{»;ession  of 
the  melting  point  when  mixed  with  known  phenyl-2,4 -dinitrophenylamine.  The  aqueous -alcoholic  filtrate  from 
the  reaction  mixture  was  evaporated.  The  residue  (a  viscous,  dark-red  liquid  with  the  odor  of  aniline)  was  washed 
with  toluene  and  dissolved  in  ethyl  alcohol  (8  ml).  The  picrate  was  precipitated  from  the  solution.  The  weight 
of  picrate  was  2.94  g  (76. 6*7o  calculated  as  the  pyridine  N-phenylpicrate).  The  picrate  was  in  the  form  of  fine, 
light -yellow  needles,  m.p.  122-123*  (from  ethyl  alcohol)  (123-124*  [19]). 

Reaction  of  fl-picoline  chloro-2,4-dinitrophenylate  with  aniline,  a)  At  5*.  0.89  g  of  6-picoline  chloro- 
2,4 -dinitropheny late  and  0.56  g  of  aniline  were  dissolved  in  7  ml  of  ethyl  alcohol.  The  dark-red  liquid  was  al¬ 
lowed  to  stand,  protected  from  the  light,  for  70  hours  at  5*.  The  precipitated  red  crystals  were  washed  on  the 
filter  with  ethyl  alcohol  (1  ml),  dried,  and  heated  on  a  water  bath  with  dry  acetone  (4  ml).  The  acetone  solution 
was  filtered,  and  the  crystals  were  washed  on  the  filter  with  dry  acetone  (2  ml).  The  yield  was  0.27  g  (29.6*7o 
calculated  as  the  hydrochloride  of  a-methylglutaconic  aldehyde  dianil).  The  m.p.  was  137-138*  (with  decompo¬ 
sition).  (The  m.p.  was  unchanged  after  recrystallization  from  ethyl  alcohol.)  The  fine,  bright-red  needles,  which 
were  soluble  in  methyl  and  ediyl  alcohol  and  insoluble  in  water,  acetone,  and  ether,  contained  water  of  crystal¬ 
lization. 

Found  *7t  HjO  1.97;  N  9.04,  9.01.  CigHeNzCl-  l/OHjO.  Calculated  ‘7«  HjO  1.97;  N  9.20. 

The  acetone  filtrate  was  evaporated.  The  orange-yellow  residue  (weight,  0.10  g)  was  treated  with  hot 
toluene  (12  ml).  The  insoluble  residue  was  composed  of  orange-yellow  crystals  (weight,  0.04  g;  m.p.  158-167*). 
After  recrysullization  from  ethyl  alcohol,  there  was  obtained  0.03  g  of  yellow  prisms  with  an  m.p.  of  178*;  a 
mixture  of  these  prisms  with  2,4-dinitroaniline  showed  no  depression  of  the  melting  point. 

The  toluene  solution  was  agitated  with  2*7o  sulfuric  acid,  and  was  then  washed  with  water  and  dried  over  so¬ 
dium  sulfate.  The  toluene  was  distilled  under  vacuum.  The  residue  (0,05  g;  m.p.  127-132*)  was  recrystallized 
from  ethyl  alcohol  (2.5  ml).  The  resulting  orange  needles  (0.025  g),  with  an  m.p.  of  152-153*,  caused  no  depression 
of  the  melting  point  when  mixed  with  phenyl-2,4 -dinitrophenylamine. 

The  solution  from  the  reaction  mixture  (strong  odor  of  6-picoline.'),  after  separation  of  the  crystals,  was 
evaporated  at  15-20*  under  vacuum.  The  residue  was  washed  in  several  portions  with  hot,  dry  acetone  (28  ml). 

The  rose  crystals  (0.48  g;  m.p,  188-189*)  did  not  dissolve;  shaking  an  aqueous  solution  of  the  crystals  with  acti¬ 
vated  carbon,  evaporation  of  the  solution,  and  recrystallization  of  the  residue  from  anhydrous  alcohol  gave  a 
colorless  substance  with  an  m.p.  of  200-201*;  a  mixture  of  this  material  with  6-picoline  chlorodinitrophenylate 

•Should  be  isoquinoline  ring.  See  T.  Zincke  and  F.  Ktollpfeifer,  C.A.,  9,  1462  (1915). 
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showed  no  depression  of  the  melting  point.  The  acetone  solution  was  evaporated,  and  the  residue  (0.59  g)  was 
ground,  in  several  portions,  with  warm  toluene  (30  ml).  The  toluene  solution  was  washed  with  2“^  sulfuric  acid 
and  then  with  water;  the  solution  was  then  dried  over  sodium  sulfate,  and  the  toluene  was  distilled  under  vacuum 
to  a  volume  of  8-10  ml.  The  precipitated  yellow  crystals  were  filtered;  the  wei^t  was  0.05  g;  m.p.  177*;  a 
mixture  of  this  material  with  2,4-dinitroaniline  showed  no  depression  of  the  melting  point.  The  filtrate  was 
evaporated;  the  residue  was  composed  of  orange-yellow  crystals  (0.09  g;  m.p.  128-137*).  P.ecrystallization  from 
ethyl  alcohol  (4.5  ml)  gave  orange  needles  (0.04  g)  with  an  m.p.  of  152-153*;  after  a  second  recrystallization, 
the  m.p.  was  155*.  A  mixture  of  this  material  with  phenyl-2,4-dinitrophenylamine  showed  no  depression  of  the 
melting  point.  The  overfall  yield  of  crystallized  phenyl-2,4-dinitrophenylamine  was  0.065  g  (8.3‘)fc). 

b)  With  heating.  0.89  g  of  6-picoline  chloro-2,4-dinitrophenylate  and  0.56  g  of  aniline  were  dissolved  in 
6  ml  of  ethyl  alcohol  and  refluxed  on  a  water  bath  (4.5  hours).  The  mixture  of  yellow  prisms  and  orange  needles 
which  precipitated  from  the  cooled,  dark -red  solution  was  washed  on  the  filter  with  ethyl  alcohol  (1  ml).  The 
weight  was  0.53  g.  The  coarse,yellow  prisms  were  separated  mechanically  (0.08  g);  m.p.  166-168*.  Recrystal¬ 
lization  from  2  ml  of  ethyl  alcohol  gave  0.06  g  of  a  substance  with  an  m.p.  of  176-178*.  A  mixture  of  this  ma¬ 
terial  with  2,4-dinitroaniline  showed  no  depression  of  the  melting  point.  The  major  part  of  the  precipitate  (0.45  g; 
m.p.  124-125*),  which  remained  after  separation  of  the  yellow  prisms,  was  recrysullized  twice  from  anhydrous 
alcohol.  0.19  g  of  long,  reddish -orange  needles  with  an  m.p.  of  156-157*  was  obtained;  a  mixture  of  this  material 
with  phenyl -2, 4-dinitrophenylamine  showed  no  depression  of  the  melting  point.  The  mother  liquor  was  evaporated, 
and  the  residue  was  washed  with  warm  toluene  (20  ml).  The  insoluble  part  (yellow  crystals,  0.16  g,  m.p.  152-165*) 
was  recrystallized  from  alcohol.  There  was  obtained  0.12  g  of  a  substance  with  an  m.p.  of  179-180*;  a  mixture 
of  this  material  with  2,4-dinitroaniline  showed  no  depression  of  the  melting  point.  Thus,  the  over-all  yield  of 
crystallized  dinitroaniline  was  0.18  g  (33.3*70). 

The  toluene  solution  was  washed  with  dilute  hydrochloric  acid  and  then  with  water,  and  was  dried  over 
sodium  sulfate.  The  toluene  was  distilled  under  vacuum.  The  residue  (yeUowish-orange  crystals,  0.09  g,  m.p. 
130-138")  was  recrystallized  from  anhydrous  alcohol  (1.5  ml).  The  yield  was  0.05  g.  The  orange  needles,  m.p. 
154-156*,  caused  no  depression  of  the  melting  point  when  mixed  with  known  phenyl-2,4-dinitrophenylamine. 

The  over-all  yield  of  crystallized  phenyldinitrophenylamine  was  0.24  g  (30.7*70). 

Interaction  of  fl -acetamidopyridine  chloro -2,4 -dinitropheny late  [N-2,4-dinitrophenyl-6 -acetamidopyrid- 
inium  chloride]  with  aniline,  a)  At  10-15°.  Aniline  (1.86  g)  was  added  to  a  solution  of  fl -acetamidopyridine 
chloro-2,4-dinitrophenylate  (1.69  g)  in  ethyl  alcohol  (70  ml),  and  the  mixture  was  allowed  to  stand  at  10-15*  for 
24  hours.  Long, thin,  red  crytals,  which  were  agglomerated  in  groups,  were  separated  from  the  dark-red  liquid. 

They  were  washed  on  the  filter  with  ethyl  alcohol;  the  weight  was  1.05  g,  and  the  m.p.  was  140*  (with  decom¬ 
position).  After  24  hours,  an  additional  0.26  g  of  red  needles  with  an  m.p.  of  136*  (with  decomposition)  was 
separated  from  the  filtrate  from  the  reaction  mixture.  The  over-all  yield  of  the  hydrochloride  of  a-acetamido- 
glutaconic  aldehyde  dianil  was  1.31  g  (76.5*7o).  After  the  crystals  were  recrystallized  from  methanol,  the  melting 
point  increased  to  143"  (with  decomposition).  The  substance  contained  water  of  crystallization  (determined  by 
drying  at  40"  under  vacuum). 

Found '7«  H2O4.52;  N  11.83,  11.86.  C19H20ON3CI •  HjO.  Calculated  HgO  5.01;  N  11.69. 

We  were  unable  to  detect  phenyl-2,4-dinitrophenylamine  in  the  filtrate. 

b)  With  heating.  1.0  g  of  fl -acetylamidopyridine  chloro -2, 4 -dinitropheny late  and  0.56  g  of  aniline  were 
heated  in  a  flask,  fitted  with  a  reflux  condenser,  in  10  ml  of  ethyl  alcohol  on  a  boiling  water  bath  (four  hours). 

From  the  cooled,  brown-red  solution,  after  it  had  stood  (20  hours),  was  isolated  a  mixture  (0.40  g)  of  brownish -red 
prisms  and  light -reddish -orange  needles.  The  latter  were  separated  mechanically.  The  weight  was  0.02  g;  m.p. 
138-145“  (after  recrystallization  of  the  material  from  ethyl  alcohol,  the  m.p.  increased  to  156");  a  mixture  of 
this  substance  with  phenyl-2,4-dinitrophenylamine  showed  no  depression  of  the  melting  point.  After  recrystalliza¬ 
tion  of  the  major  part  of  the  precipitate  (0.38  g)  from  ethyl  alcohol,  yellow  prisms  of  2,4-dinitroaniline  (0.27  g) 
were  obtained;  m.p.  179-180".  From  the  filtrate  from  the  reaction  mixture,  after  further  standing,  was  isolated 
an  additional  0.06  g  of  2,4-dinitroaniline  (m.p.  172-176").  The  over-all  yield  of  dinitroaniline  was  0.44  g  (81.3'7o). 

Picric  acid  (0.68  g  in  10  ml  of  alcohol)  was  added  to  the  alcoholic  filtrate  after  removal  of  the  phenyl-2,4- 
dinitrophenylamine  and  2,4-dinitroaniline.  The  weight  of  the  precipiteted  picrate  was  0.9  g  (68.2*7o  calculated 
as  the  N-phenylpicrate  of  fl -acetamidopyridine);  m.p.  142-143*.  Recrystallization  from  alcohol  gave  0.69  g  of 
of  fine,  light -yellow  prisms  with  an  m.p.  of  148-149*. 
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Found  <7<«  N  15.96.  CjjHisOgNs.  Calculated  °l<t  N  15.86. 

Reaction  of  6 -m  ethoxy  pyridine  2,4 -dlnitropheny  late  with  aniline.  0.12  g  of  fl-m  ethoxy  pyridine  chloro- 
2,4-dinitrophenylate  [N-2,4-dinitrophenyl-fl-methoxypyridinium  chloride]  and  0.07  g  of  aniline  were  heated  in 
1  ml  of  alcohol  on  a  water  bath  for  1.5  hours.  Orange  needles  of  phenyl-2, 4-dinitrophenylamine,  0.38  g  (38.3%), 
separated  from  the  cooled  reddish-brown  solution.  The  m.p., 151-152“,  increased  to  156“  after  recrystallization 
of  the  crystals  from  ethyl  alcohol.  Dry  ether  was  added  to  the  filtrate.  The  small  amount  of  tarry  precipitate 
was  filtered,  and  picric  acid  (0.1  g  in  20  ml  of  ether)  was  added  to  the  solution.  The  weight  of  picrate  was  0.03  g 
(23%)j  m.p.  128-129“  (after  recrystallization  from  ethyl  alcohol);  a  mixture  of  this  material  with  known  6- 
methoxypyridine  picrate  showed  no  depression  of  the  melting  point. 

Reaction  of  fl -dimeihylaminopyridine  chloro -2,4 -dinitropheny late  with  aniline.  A  mixture  of  0.65  g  of 
|3-dimethylaminopyridine  chloro-2,4-dinitrophenylate  [N-2,4-dinitrophenyl-fl-dimethylaminopyridinium  chlo¬ 
ride],  and  0.37  g  of  aniline  was  dissolved  In  4  ml  of  anhydrous  alcohol  and  heated  for  three  hours  on  a  water  bath 
at  60-80“.  A  voluminous  precipitate  of  phenyl -2,4 -dinitropheny lamine  (dark-orange  needles)  separated  from  the 
cooled  orange-brown  solution.  The  crystals  were  washed  on  the  filter  with  ethyl  alcohol;  weight,  0,4  g;  m.p,, 
147-149“.  Dark-orange  needles  crystallized  from  the  filtrate  on  long  standing:  weight,  0.04  g;  m.p.,  146-148“. 
Thus,  the  over-all  yield  of  phenyl-2,4 -dinitropheny  lamine  was  0.44  g  (84.9%).  After  recrystallization  from  methyl 
alcdiol,  the  reddish -orange  needles  melted  at  156-157*  (weight,  0.3  g);  a  mixture  of  the  crystals  with  known 
phenyl-2,4 -dinitropheny lamine  showed  no  depression  of  the  melting  point.  Dry  ether  (150  ml)  was  added  to  the 
filtrate  remaining  after  separation  of  the  phenyl -2, 4 -dinitropheny lamine.  The  reddish-brown  oil  which  separated 
was  mixed  with  an  8%  solution  of  sodium  bicarbonate  (50  ml).  The  dark-yellow  solution  was  extracted  with  ether, 
and  the  picrate  was  precipitated  from  the  ether  extract;  yield,  0.37  g  (52.7%);  m.p., 172-173“  (after  2-fold  recrys¬ 
tallization  from  ethyl  alcohol,  174-175“);  a  mixture  of  the  yellow  prisms  with  known  6-dimethylaminopyridine 
picrate  showed  no  depression  of  the  melting  point. 

Found  %  N  19.77.  CisHj30yN5.  Calculated  %  N  19.95. 

Interaction  of  fi -hydroxypyridine  chloro-2,4-dinitrophenylate  with  aniline,  a)  With  heating.  0.30  g  of  fl- 
hydroxypyridine  chloro -2,4 -dinitropheny late  [2,4-dinitrophenyl-fl -hydroxypyridinium  chloride]  and  0.19  g  of 
aniline  were  heated  in  10  ml  of  ethyl  alcohol  on  a  boiling-water  bath  for  three  hours.  After  24  hours,  the  reddish- 
brown  liquid  was  filtered  from  the  small  amount  of  dark  precipitate,  and  the  filtrate  was  evaporated  under  vacuum. 
The  brown  crystals  were  extracted  with  hot  toluene,  the  solvent  was  then  distilled  under  vacuum,  and  the  residue 
was  crystallized  from  ethyl  alcohol,  0.06  g  (23.1%)  of  reddish -orange  needles  of  phenyl-2,4-dinitrophenylamine, 
m.p.  156“,  was  obtained.  A  mixture  of  this  material  with  known  phenyl-2, 4-dinitrophenylamine  melted  at  the 
same  temperature. 

b)  At  room  temperamre.  0.25  g  of  fl -hydroxypyridine  chloro -2,4 -dinitrophenylate  and  0.16  g  of  aniline 
were  mixed  with  7  ml  of  ethyl  alcohol  and  allowed  to  stand  at  room  temperature  for  nine  months.  A  small 
amount  of  tarry  crystals  separated  from  the  dark-orange  solution.  The  solvent  was  evaporated  under  vacuum, 
and  the  residue  was  extracted  with  toluene  (35  ml).  The  toluene  extract  was  washed  with  3%  hydrochloric  acid 
and  then  with  water,  and  was  dried  with  anhydrous  sodium  sulfate.  After  distillation  of  the  toluene  under  vacuum, 
the  residue  was  recrystallized  from  alcohol.  The  resulting  reddish -orange  needles,  m.p.  156“,  weight  0.07  g  (32.2%), 
caused  no  depression  of  the  melting  point  when  mixed  with  known  phenyl-2,4-dinitrophenylamine. 

Interaction  of  y-acetamidopyridine  chloro-2,4-dinitrophenylate  with  aniline  when  heated.  A  solution  of 
0.34  g  of  tlie  chloro -2,4 -dinitrophenylate  of  y-acetamidopyridine  [y-acetamido-N-2,4-dinitrophenylpyridinium 
chloride]  and  0.18  g  of  aniline  in  10  ml  of  ethyl  alcohol  was  heated  to  boiling  in  a  flask  fitted  with  a  reflux  con¬ 
denser  on  a  boiling -water  bath  (three  hours).  The  coarse,  heavy,  dark-red  prisms  and  fine,  reddish -orange  needles 
which  separated  from  the  cooled  solution  stratified  on  the  bottom  of  the  vessel  with  the  prisms  on  the  bottom. 

The  needles,  being  lighter,  became  suspended  when  the  solution  was  agitated,  and  were  filtered  separately.  The 
weight  was  0.03  g  (11.5%)  and  the  m.p.  154“;  recrystallized  from  ethyl  alcohol  gave  0.015  g  of  crystals  with  m.p. 
156*.  A  mixture  of  these  crystals  with  known  phenyl-2,4 -dinitropheny lamine  melted  at  the  same  temperature. 

The  dark -red  prisms,  0.20  g,  m.p.  218“,  were  then  filtered,  and  were  identified  as  a  molecular  compound  of  y- 
acetoamidopyridine  chloro-2,4-dinitrophenylate  with  aniline. 

Reaction  of  y -phenylaminopyridine  diloro-2,4-dinitrophenylate  with  aniline  when  heated.  0.37  g  of  y- 
phenylaminopyridine  chloro -2,4 -dinitrophenylate  [2,4-dinitroph«iyl-y-phenylaminopyridinium  chloride]  and 
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0.18  g  of  aniline  In  5  ml  of  ethyl  alcohol  were  heated  on  a  boiling -water  bath  for  five  hours.  Orange  needles 
separated  from  the  cooled  reddish -orange  solution  after  the  introduction  of  a  small  seed  crystal  of  phenyldinitro- 
phenylamine;  weight,  0.06  g  (23.1*70)5  m.p.,  155*;  a  mixture  of  the  crystals  with  known  phenyl-2,4-dinitrophenyl- 
amlne  showed  no  depression  of  the  melting  point.  Red  prisms,  identified  as  a  molecular  compound  of  y-phenyl- 
aminopyridine  chloro-2,4-dinitrophenylate  with  aniline,  crystallized  from  the  cooled  filtrate;  weight,  0.19  g; 
m.p.,  210*. 

Interaction  of  6 -iodopyridine  chloro-2.4-dinitrophenylate  with  aniline.  To  a  solution  of  0.2  g  of  fl-iodo- 
pyridlne  chloro-2,4-dinitro{rfienylate  [N-2,4-dinitrophenyl-fl-iodopyridinium  chloride]  in  8  ml  of  ethyl  alcohol 
was  added  0.09  g  of  aniline,  and  the  mixture  was  refluxed  on  a  water  bath  for  three  hours.  The  solution  waS  then 
evaporated  to  dryness  under  vacuum.  The  residue  was  washed  with  hot  toluene  (7  ml)  and  crystallized  from  al¬ 
cohol.  The  resulting  yellow  prisms  weighed  0.07  g  (77.8*70)  and  melted  at  179*  after  2-fold  recrystallization  from 
alcohol);  a  mixture  of  this  material  with  known  2,4-dinitroaniline  melted  at  the  same  temperamre.  Phenyl-2,4- 
dinitrophenylamine  was  not  found  in  either  the  toluene  extract  or  the  alcohol  filtrates. 

SUMMARY 

1.  The  reaction  of  the  chloro-2,4-dinitrophenylates  of  pyridine  and  its  derivatives  with  aniline  was  investi¬ 
gated.  It  was  found  that  this  reaction  proceeds  in  different  directions  depending  on  the  nature  of  the  substituent, 
its  position  on  the  pyridine  ring,  and  the  temperature  conditions. 

2.  When  electro p)ositive  substituents  are  present  on  the  pyridine  ring,  the  ring  N— C  bonds  In  the  correspond-  • 
ing  chlorodinitroihenylates  are  stabilized  with  respect  to  the  action  of  the  base.  In  this  case,  rupture  of  the  extra - 
ring  bond  occurs,  either  alone  or  together  with  the  ring  bonds, 

3.  A  shift  of  the  electropositive  substituent  in  the  chlorodinitroj^enylate  of  the  pyridine  base  from  the  fl  - 
position  to  the  y-position  increases  the  stabilizing  effect  of  the  substituent  on  the  ring  N“C  bonds  in  the  reaction 
with  aniline. 

4.  The  investigated  conversions  of  the  chloro-2,4-dinitrophaiylates  of  fl-  and  /-substituted  pyridines  con¬ 
stitute  an  example  of  the  general  reaction  of  cleavage  of  quaternary  salts  of  pyridine,  quinoline,  and  isoquinoline 
by  the  action  of  water,  alcohols,  aromatic  amines,  phenols,  etc.  Rupture- of  the  extra -ring  N— C  bond  proceeds 
especially  easily  if  the  heterocyclic  nitrogen  atom  is  bonded  to  an  electronegative  radical. 
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ON  SOME  PROPERTIES  OF  ENOL  ACETATES 


lU.  PREPARATION  OF  FURAN  AND  PYRAN  DERIVATIVES 
FROM  BROMO -SUBSTITUTED  ENOL  ACETATES 

I.V.  Machinskaia  and  V.A.  Batkhash 


In  a  preceding  communication  [1],  we  described  the  preparation,  in  good  yield, of  2-methyl-3-carbethoxy- 
4,5,6,7-tetrahydrocumarone  by  the  condensation  of  the  bromo -substituted  enol  acetate  of  cyclohexanone  with 
sodioacetoacetic  ester. 

In  the  present  work,  we  synthesized  2-ethoxy-3-carbethoxy-4,5,6,7-tetrahydrocoumarone,  in  65*^ yield, 
by  the  condensation  of  this  same  bromo -substituted  enol  acetate  with  sodiomalonic  ester. 

Then,  ty  condensing  the  bromo -substituted  enol  acetates  (I),  (II)  and  (III),  having  the  general  formula 
R“CHBr~CH  =  C(0C0CH3)-R',*  with  sodioacetoacetic  ester,  we  were  able  to  carry  out  the  synthesis  of  a  series 
of  compounds  of  the  pyran  group,  (IV),  (V)  and  (VI),  the  formation  of  which  is  expressed  by  the  following  general 
scheme: 


XHBr 

CH/ 


-f-  I 


R'—  C. 


\ 


OCOCH3 


CH2— COOC2H5  —CHjCOOH 


CO-CH3 


(CjMsONa) 


(IV)  R=n 
(V)  R  =  CHj, 
(VI)  r  =  c,h;. 


R'  =  II, 
R'  =  CH,, 
R'  =  CH,, 


R 

I 

CH 

Hc/\G— COOC2H5 


r'-c^o;'c-ch3 


The  bromo -substituted  enol  acetates  (I),  (II)  and  (III)  were  easily  prepared  (in  yields  of  from  38  to  57%)  by 
the  action  of  N -bromosuccinimide  on  the  enol  acetates  of,  respectively,  enanthole  [heptanal],  methyl  propyl 
ketone,  and  benzylacetone.  The  condensations  with  sodioacetoacetic  ester  were  earned  out  under  approximately 
the  same  conditions  that  were  described  in  the  preceding  communication  [1].  2-Methyl-4-butyl-3-carbethoxy- 
pyran  (IV)  was  prepared  from  (I)  with  a  yield  of  69%^  (II)  gave  2,4,6-trimediyl-3-carbethoxypyran  (V)  in  63.4% 
yield,  and  2, 6-dimethyl -4-phenyl-3-carbethoxypyran  (VI)  was  synthesized  from  (III)  with  a  yield  of  61.5% 

Some  of  the  properties  of  these  pyran  derivatives  were  investigated.  It  was  established  that  when  heated 
with  an  alcoholic  solution  of  potassium  hydroxide,  (IV)  undergoes  hydrolysis  with  the  formation  of  2-methyl-4- 
butyl-3-pyrancarboxylic  acid  (VII).  When  (V)  and  (VI)  are  treated  similarly,  along  with  hydrolysis,  decarboxyla¬ 
tion  occurs,  which  leads  to  the  formation  of  2,4,6-trimethylpyran  (VIII)  and  2,6-dimethyl-4-ph«iylpyran  (DC), 
respectively. •• 

During  the  interaction  of  (VII),  (VIII)  and  (IX)  with  2,4-dinitrof^enylhydrazine  sulfate,  cleavage  of  the 


•The  reactions  were  carried  out  using  compounds  in  which;  (I)  R  =  n-C4H9  and  R*=H;  (II)  R  =  CH3  and  R'  — CH3} 
(III)  R  =  C6H6  and  R*  =CH,. 

••Up  to  the  present  time,  the  simplest  substituted  pyrans  have  not  been  prepared  [2],  Of  the  aryl -substituted  py- 
rans,  only  2,4,4, 6 -tetraphenyl-y -pyran  is  known  [3]. 
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pyran  ring  (and  in  the  case  of  (VII),  decarboxylation  also)  occurred,  which  resulted  in  the  formation  of  the  bis- 
2,4-dinitrophenylhydrazones  of  the  corresponding  1,5 -dicarbonyl  compounds:  3-butyl -5 -hexanone-l-al,  4- 
methyl-2,6-heptanedlone,  and  4-phenyl-2,6-heptanedione,  respectively, 

EXPERIMENTAL 

1.  Preparation  of  2  -  Ethoxy  -  3  - ca r b ethox y -4 , 5 , 6 , 7  - 1 e tr ahy  dr oco um ar o n  e 

160  ml  of  anhydrous  alcohol  was  charged  to  a  three-necked  flask  fitted  with  a  stirrer,  a  reflux  condenser 
with  calcium  chloride  tube,  and  a  dropping  funnel,  and  6.9  g  of  metallic  sodium  was  gradually  added.  The  solu¬ 
tion  was  cooled  to  room  temperature,  and,  with  stirring,  64  g  of  freshly  distilled  malonic  ester  was  gradually  ad¬ 
ded  followed  by  65.7  g  of  3-bromo-2-acetoxy-l-cyclohexene,*  The  reaction  mixture  was  refluxed  on  a  water 
bath  for  two  hours.  The  liquid  was  cooled,  suction  filtered  to  remove  the  precipitated  sodium  bromide,  and  the 
alcohol  was  distilled  under  the  vacuum  of  an  aspirator  (while  heated  on  a  water  bath).  A  small  amount  of  water 
was  added  to  the  residue,  and  the  mixture  was  extracted  with  ether.  The  ether  extract  was  dried  with  sodium 
sulfate,  the  ether  was  distilled,  and  the  residue  was  distilled  under  vacuum.  After  distillation  of  the  unreacted 
acetoacetic  ester,  the  2-ethoxy-3-carbethoxy-4,5,6,7-tetrahydrocoumarone  was  distilled  at  120-125"  (4  mm). 

The  yield  was  46.5  g  (65%). 

Found  %  C  65,23;  H  7.23.  Saponification  number  455.8.  C]3Hu04.  Calculated  %:  C  65.53;  H  7.61, 
Saponification  number  471. 

2.  Preparation  of  the  Enol  Acetate  of  Benzylacetone 

To  a  solution  of  74.1  g  of  benzylacetone  in  153,2  g  of  acetic  anhydride  was  added  25  drops  of  concentrated 
H2SO4,  and  the  reaction  mixture  was  allowed  to  stand  at  room  temperature  for  20  days.**  The  unreacted  acetic 
anhydride  was  then  decomposed  by  agitation  with  water,  solid  sodium  carbonate  was  added  to  an  alkaline  reaction, 
and  the  reaction  product  was  extracted  with  ether.  The  ether  extract  was  washed  with  a  15%  solution  of  sodium 
carbonate  to  complete  removal  of  residual  acid,  then  with  wata:,  and  dried  over  sodium  sulfate.  The  ether  was 
distilled  under  aspirator  vacuum,  and  the  residue  was  distilled  under  vacuum.  The  benzylacetone  enol  acetate 
distilled  at  112-114*  (2  mm).  The  yield  was  29.8  g  (31.3%). 

Found  %  C  75.61;  H  7,69,  Saponification  number  309.8;  bromine  number  81.5.  C12H14O2.  Calculated  % 

C  75.76;  H  7,42.  Saponification  number  294.2;  bromine  number  83.9. 

3.  Allylic  Bromination  of  the  Enol  Acetates  of  Enanthole,***  Methyl  Propyl  Ke¬ 
tone,****  and  Benzylacetone 

The  bromination  was  carried  out  with  N-bromosuccinimide  by  the  method  described  by  us  for  cyclohexa¬ 
none  enol  acetate  [4].  The  yields  of  bromination  products  were,  respectively,  57,  48,5  and  37.9% 

3 - Bromo-l-acetoxy-1 -heptane  (I)  was  a  colorless  liquid  with  a  b.p.  of  63-65"  (3  mm).  The  product  was 
not  stable  toward  storage,  and  it  rapidly  darkened  on  standing.  This  caused  inaccuracy  in  the  determination  of 
the  bromine  content. 

Found  .  Br  27.12,  27.35.  C9Hi502Br.  Calculated  %s  Br  33.14. 

4- Bromo-2-acetoxy-2-pentene  (II)  was  a  colorless  liquid  with  a  b.p.  of  45-47"  (3  mm).  In  contrast  to  the 
preceding  product,  it  was  stable  on  storage. 

Found  %:  Br  38.23.  C7Hi202Br.  Calculated  %  Br  38.59. 

l-Bromo-3-acetoxy-l-phenyl-2-butene  (III)  was  a  colorless  liquid  with  a  b.p.  of  122-124*  (2  mm). 

*The  3 -bromo-2-acetoxy-l -cyclohexane  was  prepared  by  bromination  of  the  enol  acetate  of  cyclohexanone 
with  N-bromosuccinimide  [4]. 

**The  yield  of  the  enol  acetate  decreased  when  the  reaction  time  was  less. 

***The  enanthole  acetate  was  prepared  by  heating  enanthole  with  acetic  anhydride  in  the  presence  of  sodium 
acetate  [5]. 

•••*The  methyl  propyl  ketone  enol  acetate  was  prepared  by  the  interaction  of  methyl  propyl  ketone  with  acetic 
anhydride  in  the  presence  of  sulfuric  acid  [6]. 
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Found  %  Br  28.40.  Ci2Hi302Br.  Calculated  Br  29.69. 


4.  Synthesis  of  2  -  M  ethy  1 -4  -  bu  ty  1  -  3  -  py  ra  nc  arboxy  li  c  Acid  (VII) 

A.  Preparation  of  2 -methyl -4-butyl-3-carbethoxypyran  (IV).  40  g  of  anhydrous  alcohol  was  charged  to  a 
three-necked  flask  fitted  with  a  stirrer,  a  reflux  condenser  with  calcium  chloride  tube,  and  a  dropping  funnel, 
and  2.3  g  of  sodium  was  gradually  added.  The  solution  was  then  cooled  to  room  temperature,  and  26  g  of  aceto- 
acetic  ester  was  added,  with  cooling  and  stirring,  followed  by  23.5  g  of  3-bromo-l-acetoxy-l-heptene.  Even  in 
the  cold,  a  precipitate  of  sodium  bromide  was  formed.  The  reaction  mixture  was  heated  for  an  hour  at  a  water- 
bath  temperature  of  60".  After  the  liquid  was  cool,  it  was  suction  filtered  from  the  precipitated  sodium  bromide, 
and  the  alcohol  was  distilled  under  aspirator  vacuum.  A  small  amount  of  water  was  added  to  the  residue,  and 
the  mixture  was  extracted  with  ether.  The  ether  solution  was  dried  with  sodium  sulfate,  and  the  ether  was  dis¬ 
tilled;  the  residue  was  distilled  under  vacuum.  After  distillation  of  the  unreacted  acetoacetic  ester,  the  ethyl 
ester  of  2-methyl-4-butyl-3-pyrancarboxylic  acid  was  distilled  at  118-120*  (4  mm);  the  amount  was  15.4  g  (69%). 
The  2-methyl -4-butyl-3-carbethoxypyran  was  a  light -yellow  liquid  with  a  distinctive  odor. 

Found  %  C  69.62,  69.27;  H  9.32,  9.13.  Saponification  number  259.6.  Cisli2o03.  Calculated  %  C  69.61; 

H  8.98.  Saponification  number  250.1. 

B.  Hydrolysis  of  the  2-methyl-4-butyl-3-carbethoxypyran  (IV)  was  carried  out  by  heating  it  (4.5  g)  with 
80  ml  of  an  0.5-N  alcoholic  solution  of  potassium  hydroxide  at  the  boiling  point  for  two  hours.  Carbon  dioxide 
was  passed  into  the  reaction  mixture  to  remove  the  excess  potassium  hydroxide,  the  liquid  was  suction  filtered 
from  the  resulting  K2CO3  precipitate,  and  the  precipitate  was  washed  with  alcohol.  The  alcohol  was  distilled 
from  the  filtrate  under  aspirator  vacuum.  The  solid  residue  (the  potassium  salt  of  VII)  was  dissolved  in  a  small 
amount  of  water,  the  solution  was  acidified  with  a  2-N  solution  of  hydrochloric  acid,  and  the  resulting  acid  (VII) 
was  extracted  with  ether.  The  ether  solution  was  dried  with  sodium  sulfate,  the  ether  was  distilled,  and  the  resi¬ 
due  was  distilled  under  vacuum,  2.3  g  of  (VII)  was  obtained  with  a  b.p.  of  145-147"  (4  mm). 

Found  %>:  C  67.19;  H  8.54.  Acid  number  262.3.  C11H16O3.  Calculated  %  C  67.32;  H  8.22.  Acid  number 

285.6. 

Interaction  of  acid  (VII)  with  2,4-dinitrophenylhydrazine.  lO  ml  of  anhydrous  alcohol  was  added  to  1  g 
of  2,4-dinitrophenylhydrazine  which  had  been  dissolved,  with  gentle  heating,  in  2  ml  of  concentrated  H2SO4,  and 
immediately  a  solution  of  0,5  g  of  (VII)  in  anhydrous  alcohol  was  added.  After  some  time,  a  precipitate  of  3- 
butyl-5 -cyclohexanone-1 -al  bis-2,4-dinitrophenyIhydrazone  formed,  and  this  was  separated  and  recrystallized 
several  times  from  a  mixture  of  alcohol  and  ethyl  acetate.  The  red  crystals  melted  at  165“  (with  decomposition). 

Found  %  N  20.75,  20,82.  C22H26O8N8.  Calculated  N  21.08. 

5.  Synthesis  of  2 ,4 , 6  -  Tr  i  m  ethy  1  py  r  a  n  (VIII) 

A.  Preparation  of  2,4,6-trimethyl-3-carbethoxypyran  (V).  The  following  quantities  of  starting  materials 
were  used:  130  ml  of  anhydrous  alcohol,  5.75  g  of  sodium,  65  g  of  acetoacetic  ester,  and  51.7  g  of  the  bromo- 
substituted  enol  acetate  of  methyl  propyl  ketone.  The  condensation  was  carried  out  under  the  same  conditions 
used  in  the  preparation  of  (IV)  with  the  exception  that  the  heating  was  continued  for  three  hours  at  reflux  tem¬ 
perature.  The  precipitate  of  sodium  bromide  began  to  form  only  on  heating.  Treatment  of  the  reaction  mixture 
and  separation  and  purification  of  the  resulting  product  was  carried  out  in  the  manner  used  in  the  preceding  case. 
31  g  (63,4%)  of  2,4,6-trimethyl-3-carbethoxypyran  was  obtained  in  the  form  of  a  slightly  yellowish  liquid  with  a 
b.p.  of  102-103"  (2  mm). 

Found  %:  C  67.09;  H  7.95.  Saponification  number  289.1.  CiiHi603.  Calculated  %  C  67.32;  H  8.22.  Sap¬ 
onification  number  285.3. 

B.  Preparation  of  2,4,6-trimethylpyran  (VIII).  9.8  g  of  2,4, 6 -trimethyl-3 -carbethoxypyran  was  heated  to 
boiling  over  a  period  of  two  hours  with  200  ml  of  an  0.5-N  alcoholic  solution  of  potassium  hydroxide;  during  this, 
the  formation  of  a  precipitate  of  K2CO3  was  observed  on  the  walb  of  the  flask.  Carbon  dioxide  was  passed  into 
the  reaction  mixture  to  remove  the  excess  potassium  hydroxide,  and  the  resulting  K2C03  precipitate  was  separated 
and  washed  with  alcohol.  The  alcohol  was  distilled  from  the  filtrate,  the  residue  was  dissolved  in  water,  and  the 
reaction  product  was  extracted  with  ether.  The  extract  was  dried  with  sodium  sulfate,  the  ether  was  distilled,  and 
the  residue  was  distilled  under  vacuum. 
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3.82  g  (61.5%)  of  2,4,6-trimethylpyran  was  obtained.  It  was  a  colorless  liquid  with  a  characteristic  odor 
and  a  b.p.  of  70-72“  (2  mm). 

Found  C  77.12,  76.98;  H  9.65,  9.42.  CjHaO.  Calculated  %  C  77.37;  H  9.74. 

The  Interaction  of  (VIII)  wiih  2,4-dinitrophenylhydrazine  under  the  conditions  described  in  the  preceding 
experiment  gave  4-methyl -2, 6 -heptanedione  bis-2,4-dinitrophenylhydrazone  -  red  crystals  with  an  m.p.  of  116* 
(with  decomposition)  (from  a  mixture  of  alcohol  and  edryl  acetate). 

Found  N  21.86.  C2oH2209N^  Calculated  %t  N  22.23. 

6.  Synthesis  of  2, 6 -Dimethyl-4 -phenylpyran  (IX) 

A.  Preparation  of  2,6-dimeihyl-4-phenyl-3-carbethoxypyran  (VI|).  The  following  amounts  of  starting  ma - 
terials  were  used;  65  ml  of  anhydrous  alcohol,  2.3  g  of  sodium,  26  g  of  acetoacetic  ester,  and  26.9  g  of  the  bro- 
mo-substituted  enol  acetate  of  benzylacetone.  The  condensation  and  treatment  of  the  reaction  mixture  were 
carried  out  as  described  for  the  preceding  experiment.  13.5  g  (52.2%)  of  2,6-dimethyl-4-phenyl-3-carbethoxy- 
pyran  was  obtained  in  the  form  of  a  yellowish  liquid  with  a  b.p.  of  148-151*  (2  mm). 

Found  %:  C  74.14;  H  6.90.  Saponification  number  202.5.  Ci^ig03.  Calculated  %s  C  74.39;  H  7.02. 
Saponification  number  216.3. 

B.  Preparation  of  2,6-dimethyl-4-phenylpyran  (IX).  12.9  g  of  (VI)  and  200  ml  of  an  0.5 -N  alcoholic  solu¬ 
tion  of  potassium  hydroxide  were  used.  The  reaction  and  treatment  of  the  product  were  carried  out  as  in  the 
preceding  experiment.  5.2  g  (55.6%)  of  2,6-dimethyl-4-phenylpyran  was  obtained.  It  was  a  light-yellow  liquid 
with  a  b.j).  of  135-136*  (3  mm). 

Found  %:  C  83.62;  H  7.71.  CjjHnO.  Calculated  %:  C  83.83;  H  7.57. 

Interaction  of  (DC)  with  2,4-dinitrophenylhydrazine  gave  4-phenyl-2,6 -heptanedione  2,4-dinitrophenylhy- 
drazone.  The  brown  crystals  melted  at  138*  (with  decomposition)  (from  a  mixture  of  alcohol  and  ethyl  acetate). 

Found  %:  N  19.63.  C2SH24O8N8.  Calculated  %;  N  19.86. 

SUMMARY 

1.  The  condensation  of  3 -bromo -2 -acetoxy-1 -cyclohexene  with  sodiomalonic  ester  gave  2-ethoxy-3-car- 
bethoxy-4,5,6,7-tetrahydrocoumarone;  this  product  has  not  previously  been  described  in  the  literature. 

2.  It  was  shown  that  condensation  of  brominated  enol  acetates  of  the  type  R-CHftc— CH  =  C(CX10CH8)R' 
with  sodioacetoacetic  ester  leads  to  the  formation  of  the  corresponding  pyran  derivatives.  The  following  com¬ 
pounds  were  obtained:  2-methyl-4-butyl-3-carbethoxypyran,  2,4,6-trimetfiyl-3-carbethoxypyran,  and  2, 6-di¬ 
methyl -4 -phenyl-3 -carbethoxy  pyran. 

3.  It  was  established  that  when  heated  with  alcoholic  alkali,  2-methyl-4-butyl-3-carbethoxypyran  is  con¬ 
verted  to  2-methyl -4 -butyl-3 -pyrancarboxylic  acid.  When  heated  with  alcoholic  alkali  under  the  same  condi¬ 
tions,  2,4,6-trimethyl-3-carbelhoxypyran  and  2,6-dimethyl-4-phenyl-3-carbethoxypyran  undergo  hydrolysis  and 
also  decarboxylation  with  the  formation  of  2,4,6-trimethylp)rran  and  2,6-dimethyl-4-phenylpyran,  respectively. 
None  of  these  substituted  pyrans  have  been  described  in  the  literature. 

4.  The  bromo -substituted  enol  acetates  of  enanthole,  methyl  propyl  ketone,  and  benzylacetone  were  pre¬ 
pared  for  the  first  time  by  bromination  of  the  corresponding  aldehyde  (enanthole)  and  methyl  ketones  (methyl 
propyl  ketone  and  benzylacetone)  with  N-bromosuccinimide. 
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ON  THE  SYNTHESIS  AND  STRUCTURE 
OF  THE  o-SULFOBENZOYL  DICHLORIDES 

D.Sh.  Rozina,  L.T.  Nesterenko  and  lu.I.  Vainshtein 


The  o-sulfobenzoyl  dichlorides  have  found  widespread  application  in  organic  synthesis,  particularly  in  the 
synthesis  of  sulfophthalein  indicators  [1  -6]. 

The  o-sulfobenzoyl  dichlorides  have  been  isolated  in  two  isomeric  forms  -  the  symmetrical  and  lactone 
structures  [7-9]. 
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One  of  the  dichlorides  has  an  m.p.  of  40*.  decomposes  under  the  action  of  ammonia  [7, 10],  and  withstands 
heating  under  vacuum  to  183*  [llj.  The  second  has  an  m.p.  of  79",  is  stable  to  the  action  of  ammonia  at  a  tem¬ 
perature  of  about  20*,  and  decomposes  during  vacuum  distillation  at  20-30  mm  [7]  and  at  15  mm  [11]  to  o-chloro 
benzoyl  chloride  and  sulfur  dioxide.  An  attempt  to  convert  one  isomer  into  the  other  failed  [7],  The  two  di¬ 
chlorides  form  an  eutectic  mixture  which  melts  at  21*  [13]  or  21.5*  [8]. 

The  literature  contains  more  than  one  opinion  on  the  question  of  which  dichloride  has  the  symmetrical  and 
which  the  lactone  structure.  According  to  the  data  of  certain  investigators  [7, 8],  isomer  (I)  has  the  m.p.  of  79*, 
while  (II)  has  the  40*  m.p..  The  authors  came  to  this  conclusion  on  the  basis  of  the  reactions  occuning  during 
die  action  of  ammonia  on  (I)  and  (II). 
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However,  in  more  recent  investigations  [9],  it  was  shown  that  the  action  of  ammonia  on  symmetrical  di¬ 
chlorides  can  also  lead  to  the  formation  of  CN -groups,  provided  that  the  chlorocarbonyl  groups  are  ortho  to  each 
other.  By  comparing  the  absorption  spectra  of  o-sulfobenzoic  acid  and  its  dichlorides  with  the  spectra  of  o- 
toluenesulfonic  acid  and  its  chloride,  these  same  investigators  came  to  the  conclusion  that  the  dichloride  with 
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an  m.p.  of  40“  has  the  symmetrical  structure,  while  the  one  with  tlie  m.p.  of  79“  has  the  lactone  structure. 

According  to  information  in  the  literature,  an  eutectic  mixture  of  isomeric  dichlorides  is  obtained  by  die 
action  of  phosphorus  pentachloride  on  the  potassium  acid  salt  [7, 12],  the  dipotassium  salt  [11, 13],  and  the  am¬ 
monium  acid  salt  [6, 11]  of  o-sulfobenzoic  acid. 

The  interaction  of  dipotassium  o-sulfobenzoate  with  phosphoryl  chloride  at  130*  (under  pressure)  leads  to 
the  dichloride  with  an  m.p.  of  40“  [7]. 

The  dichloride  with  an  m.p.  of  79“  has  not  been  obtained  by  direct  synthesis;  it  can  be  isolated  from  the 
mixture  of  isomers  after  decomposition  with  ammonia  of  the  dichloride  with  an  m.p.  of  40“  [7, 10].  The  use  of 
thionyl  chloride  leads  not  to  the  dichloride,  but  to  the  anhydride  of  o-sulfobenzoic  acid  [14, 15]. 

The  aim  of  the  present  investigation  was  the  development  of  a  convenient  method  for  the  preparation  of 
the  o-sulfobenzoyl  dichlorides  in  the  form  of  a  mixture  of  the  two  isomers. 

The  interaction  of  phosphorus  pentachloride  with  the  alkali  metal  salts  of  o-sulfobenzoic  acid  can  be  car¬ 
ried  out  by  heating  the  reagents  on  a  water  bath  [11]  or  by  triturating  them  in  a  mortar  [7].  The  latter  method 
has  only  preparative  significance. 

Heating  a  mixture  of  the  dipotassium  salt  of  o-sulfobenzoic  acid  and  phosphorus  pentachloride  on  a  steam 
bath  did  not  give  positive  results,  even  at  120-130". 

Carrying  out  the  reaction  in  the  presence  of  phosphoryl  chloride  by  adding  the  dipotassium  sulfobenzoate 
to  a  mixture  of  phosphorus  pentachloride  and  a  small  amount  of  phosphoryl  chloride  was  found  to  be  very  effec¬ 
tive.  The  reaction  proceeded  very  vigorously  with  the  liberation  of  heat.  Adding  the  dipotassium  salt  and  the 
phosphorus  pentachloride  portion-wise  and  separately,  maintained  the  reaction  mass  as  a  liquid  and  made  con¬ 
tinuous  stirring  possible  over  the  entire  course  of  the  synthesis. 

As  recommended  by  some  investigators  [7],  die  reaction  mixture  was  washed  several  times  with  ice  water 
to  remove  the  potassium  chloride  formed  during  the  reaction  (decomposition  of  the  phosphoryl  chloride  occurred 
simultaneously).  However,  after  being  washed  with  water,  the  dichlorides  became  unstable  at  room  temperature, 
apparently  owing  to  insignificant  amounts  of  residual  water.  During  drying,  even  witii  such  mild  drying  agents 
as  sodium  sulfate,  evolution  of  heat  by  the  oil  and  evolution  of  hydrogen  chloride  and  sulfur  dioxide  were  ob¬ 
served.  Therefore,  this  method  of  treating  the  reaction  mixture  had  to  be  abandoned. 

Almost  quantitative  separation  of  the  potassium  chloride  was  accomplished  by  extraction  of  the  dichlorides 
from  the  reaction  mass  with  benzene  or  chloroform.  The  solution  of  dichlorides  was  then  distilled  at  15-20  mm 
absolute  pressure.  Contrary  to  statements  in  the  literature  [7, 11],  there  was  practically  no  decomposition  of  the 
dichloride  with  an  m.p.  of  79“  during  the  distillation,  and  we  repeatedly  separated  it  from  the  eutectic  mixture 
of  the  two  isomers. 

The  isomeric  dichlorides  obtained  by  the  above  method  did  not  contain  chlorine  in  the  ring,  showing  the 
absence  of  o-chlorobenzoyl  chloride  which  is  formed  in  the  case  of  the  decomposition  of  the  isomer  with  an 
m.p,  of  79“.  Hydrolysis  of  the  dichloride»  with  water  gave  a  quantitative  yield  of  pure  o-sulfobenzoic  acid,  in 
which  there  was  no  chloride,  vdiich  also  indicated  that  there  was  no  o-chlorobenzoyl  chloride  in  the  dichloride 
mixture. 

These  experimental  data  indicate  that  the  dichloride  with  an  m.p.  of  79“  is  thermally  stable  during  distilla¬ 
tion  at  15-20  mm  (b.p.  165-176“). 

With  equimolar  amounts  of  dipotassium  o-sulfobenzoate  and  phosphorus  pentachloride,  the  yield  of  dichlo¬ 
rides  varied  in  the  range  of  50-60%;  it  increased  to  74-75%  when  the  amount  of  phosphorus  pentachloride  was 
increased  to  15%  excess  witli  respect  to  the  theoretical  amount. 

In  view  of  tlie  uncertainty  and  contradictions  in  the  information  concerning  which  of  the  o-sulfobenzoyl 
dichlorides  should  be  assigned  the  symmetrical  and  which  the  lactone  structure,  it  was  of  interest  to  compare  the 
half-wave  potentials  (E^/j)  of  these  dichlorides  with  those  of  the  dichlorides  of  o-phthalic  acid.  The  latter  also 
forms  two  dichlorides  having  symmetrical  and  lactone  structures;  the  structure  and  physical  constants  for  each  of 
them  have  been  established  [16]. 
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Fig.  1.  o-Sulfobenzoyl  dichloride  witli  an  m.p.  of  40®:  a)  ordinary 
wave  (S  =  1/15);  b)  derivative  wave  (S  =  l/l). 


ordinary  wave  (S  =  1/30);  b)  derivative  wave  (S  =  l/l). 


uA 


nary  wave  (S  =  1/15);  b)  derivative  wave  (S  =  1/5). 


r* 


Fig.  4.  o-Phthaloyl  dichloride  (lactone  structure);  a)  or¬ 
dinary  wave  (S  =  1/5);  b)  derivative  wave  (S  =  1/5). 


The  individual  dichlorides  of  o-sulfobenzoic  acid  and  o-phthalic  acid  were  synthesized  in  the  pure  form 
by  methods  described  in  the  literature  [7, 10, 16], 

The  results  of  the  polarographic  measurements  are  presented  in  the  Table  and  in  Figs.  1-4. 
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Half-Wave  Potentials  of  the  Dichlorides  of  o-Sulfobenzoic  and  o-Phthalic  Acids  (with 
respect  to  a  saturated  calomel  electrode) 


EHchloride 

Melting 

Structural 

E1/2  of  tho  polaro- 
graphic  wave  (v) 

point 

formula 

ordinary 

deriva¬ 

tive* 

1 

o-Sulfobenzoyl  dichloride 

40° 

— 

-1.56 

—1.60 

o-Sulfobenzoyl  dichloride 

7!J 

1  _ 

—1.20 

—1.26 

Symmetrical  o-phthaloyl  dichloride 

1 

16  1 

1  COCI 

1 

|^\-COCI 

—1.58 

-1.60 

o-Phthaloyl  dichloride  with  lactone 
structure 

1 

i 

j  M) 

'  1 

^Ci, 

! 

1 

^\-co 

—1.20 

-1.22 

1 

I 

1  1 

\/ 

•Recording  of  the  derivative  waves  was  necessary  owing  to  the  lack  of  clarity  in  the 
ordinary  waves  of  the  o-sulfobenzoyl  dichloride, with  an  m.p,  of  79", and  of  the  o- 
phthaloyl  dichloride, witli  an  m.p.  of  16", 


It  may  be  seen  from  the  Table  and  the  figures  that  the  values  of  the  half-wave  potentials  are  in  good 
agreement:  1)  for  symmetrical  o-phthaloyl  dichloride  and  the  o-sulfobenzoyl  dichloride  with  an  m.p.  of  40" 
and  2)  for  the  o-phthaloyl  dichloride  with  a  lactone  structure  and  the  o-sulfobenzoyl  dichloride  with  an  m.p.  of 


79". 


These  numerical  values  of  Ei^  permit  the  conclusion  that  the  o-sulfobenzoyl  dichloride  with  an  m.p.  of 
40"  has  the  symmetrical  stmcmre,  while  the  one  with  an  m.p.  of  79"  has  the  lactone  structure. 

These  results  confirm  the  data  of  Scheiber  and  Knothe  [9]. 

EXPERIMENTAL 

Synthesis  of  the  mixture  of  isomeric  dichlorides.  Into  a  three -necked  flask  fitted  with  a  stirrer  and  a  reflux 
condenser,  the  end  of  which  was  connected  to  a  calcium  chloride  tube,  was  introduced  51  g  of  phosphoryl  chloride, 
and  70  g  of  carefully  ground  phosphorus  pentachloride  was  added  with  stirring.  15  g  of  dipotassium  o-sulfoben- 
zoate  was  then  added;  the  mixture  rapidly  liquefied,  and  another  74  g  of  phosphorus  pentachloride  was  then  added. 
Exothermic  heat  raised  the  temperature  to  45-50".  68.5  g  of  the  dipotassium  salt  was  added  portion- wise  over  a 
period  of  an  hour  at  a  temperature  of  80-90".  The  mixture  was  heated  to  boiling  (115-117")  and  stirred  for  three 
hours;  it  was  then  cooled  to  50",  75  ml  of  benzene  or  chloroform  was  added,  the  mixture  was  stirred  for  5-10 
minutes,  and  cooled  to  20".  The  potassium  chloride  was  filtered.  A  large  part  of  the  benzene  and  phosphoryl 
chloride  was  first  distilled  at  atmospheric  pressure,  and  the  remainder  of  the  benzene  and  phosphoryl  chloride 
was  distilled  at  20-25  mm;  the  dichlorides  came  over  at  165-170".  The  yield  was  52-54  g  (72.5-75.3*^0). 

Found  *70:  Cl  (in  side  chain)  29.5-29.8;  Cl  (total)  29.5-29,8.  C7H4O3SCI2.  Calculated  %:  Cl  (in  side  chain) 

29.66. 

The  Cl  in  the  side  chain  was  determined  after  hydrolysis  of  the  dichloride  with  a  1,0 -N  solution  of  NaOH; 

Cl  in  the  ring  was  determined  by  the  Stepanov  method,  but  ethyl  alcohol  was  substituted  for  butyl. 

The  mixture  of  isomeric  dichlorides  was  a  colorless,  oily  liquid,  from  which  a  large  quantity  of  crystals 
separated  on  standing.  Hydrolysis  of  the  dichlorides  witli  water  gave  a  quantitative  yield  of  o-sulfobenzoic  acid 
with  an  m.p.  of  67-68"  (literature  value,  68-69"  [17],  70"  [18]). 
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Reparation  of  the  dichloride  with  in  m.p.  of  79*.  The  distilled  mixture  of  isomeric  dichlorides  (20  g)  was 
dissolved  in  20  ml  of  chloroform.  The  solution  was  cooled  to  3-5*,  and,  over  a  period  of  15  minutes,  a  25'7o  solu¬ 
tion  of  ammonia  was  added  to  a  weakly  alkaline  reaction  (phenolphthalein).  The  excess  ammonia  was  neutral¬ 
ized  with  hydrochloric  acid  (congo  indicator).  The  chloroform  layer  was  separated,  dried  with  sodium  sulfate, 
and  treated  with  activated  carbon.  The  chloroform  was  distilled  at  80-100  mm.  The  residue  crystallized  in  the 
flask.  The  yield  was  2  g.  M.p.  72.7-73.5*  (literature  value,  75.9*  [8],  79*  [7]).  After  several  washings  with 
petroleum  ether,  the  m.p,  was  77-78*. 

Preparation  of  the  dichloride  with  an  m.p.  of  40*.  The  distilled  mixture  of  isomeric  dichlorides  (20  g)  was 
allowed  to  stand  for  several  days  at  a  temperature  of  about  20*.  The  precipitated  crystals  were  filtered  and 
washed  with  petroleum  ether.  M.p.  38.0-39,0*. 

Measurement  of  the  half-wave  potentials  (E^y^).  Measurement  of  the  half-wave  potentials  was  carried  out 
with  a  Heyrovsky-type  micropolarograph  with  a  dropping  mercury  electrode  having  forced  interruption  of  the 
drops  (with  a  period  of  0.4  seconds).  A  saturated  calomel  electrode  served  as  the  anode.  The  solutions  investi¬ 
gated  polarographically  were  0.001  M  with  respect  to  the  dichloride  and  0.25  M  with  respect  to  lithium  chloride; 
the  solvent  was  50^  alcohol.  The  maxima  were  suppressed  witli  methyl  red.  The  air  was  purged  from  the  solu¬ 
tions  by  passing  hydrogen  through  tiiem  for  15  minutes  prior  to  recording  the  curve.  The  derivative  curves  were 

taken  with  a  Vogel  and  Riha  circuit  incorporated  into  the  polarograph  circuit, 

SUMMARY 

1.  A  method  satisfactory  for  technical  use  was  developed  for  the  preparation  of  the  mixture  of  isomeric 
o-sulfobenzoyl  dichlorides  in  yields  of  72-75%  of  theoretical. 

2.  The  reports  in  the  literature  that  the  dichloride  with  an  m.p.  of  79*  is  thermally  unstable  when  distilled 
at  a  pressure  of  15  mm  were  not  confirmed.  Distillation  gave  a  mixture  of  the  isomeric  dichlorides. 

3.  A  comparison  of  the  half-wave  potentials  of  the  o-sulfobenzoyl  dichlorides  with  those  of  the  o-phthaloyl 
dichlorides  permitted  the  conclusion  that  the  o-sulfobenzoyl  dichloride  with  an  m.p.  of  40“  has  the  symmetrical 
structure,  and  the  one  with  an  m.p.  of  79*  has  the  lactone  structure. 
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THE  PREPARATION  OF  -  3  -  KE  T  O -24 , 24  -  DI  PH  EN  Y  LC  HOL  EN  E 
V.I.  Maksimov,  F.A.  Lur’i  and  G.P.  Krupina 

A**-3-Keto-24,24-diphenylcholene  (I)  is  of  interest  as  a  starting  material  for  the  synthesis  of  pregnane- 
3, 20-dione  from  A®-3l5-hydroxycholenic  acid.  It  was  prepared  from  A®-3fl, 24-dihydroxy -24, 24-diphenylcholene 
(H)  according  to  the  scheme 


R  =  CjHs 

A® -36, 24-Dihydroxy -24, 24-diphenylcholene  (II)  was  subjected  to  Oppenauer  oxidation  [1,2]  with  cyclo¬ 
hexanone  in  die  presence  of  aluminum  isopropoxide.  The  substance,  m.p.  136-137*,  separated  from  the  reaction 
mixture  by  appropriate  treatment  and  recrystaUization  from  methyl  alcohol  was,  on  the  basis  of  the  analytical 
data,  an  adduct  of  A*-3-keto-24-hydroxy-24,24-diphenylcholene  (III)  with  0.5  molecule  of  methyl  alcohol.  The 
reduction  of  (III)  was  carried  out  in  pyridine  solution  at  room  temperature  and  in  the  presence  of  palladium  on 
calcium  carbonate  (2%  Pd),  since  it  is  well  known  that  the  use  of  palladium  on  carbon  or  other  carriers  for  the 
hydrogenation  of  A*-3-ketosteroids  leads  to  the  formation  of  saturated  3-ketones  of  the  normal  series  [3,4]. 

From  this  reaction,  we  obtained  a  ketone  with  an  m.p.  of  181.5-182.5",  namely,  3-keto-24,hydroxy-24,24-di- 
phenylcholane  (IV);  this  ketone  has  not  been  described  in  the  literature.  Dehydration  of  this  ketone  by  refluxing 
in  glacial  acetic  acid  [5]  gave  a  previously  unknown  ketone  (I)  with  an  m.p.  of  150-152". 

We  were  also  able  to  prepare  ketone  (I)  by  a  simpler  method  from  A‘*’*®-3-keto-24,24-diphenylcholadiene 
(V)  by  catalytic  hydrogenation. 


During  reduction  of  the  substance  (V)  with  palladium  on  calcium  carbonate  (2®/o  Pd),  1  mole  of  hydrogen 
was  absorbed,  and  a  91*55)  yield  of  a  substance  with  an  m.p.  of  150.5-152*  was  obtained;  this  was  identified  as  our 
previously  prepared  (I). 

Thus,  under  die  hydrogenation  conditions  used,  only  one  of  the  double  bonds  in  (V),  in  the  4,5 -position, 
was  saturated.  By  refluxing,  in  an  apparatus  with  a  Dean  and  Stark  head,  a  benzene  solution  of  ketone  (I)  with 
excess  ethylene  glycol  in  the  presence  of  a  small  amount  of  p-toluenesulfonic  acid  we  obtained  A**-3-keto-24,24- 
dIphenylcholene-3 -ethylene  ketal  (VI)  widi  an  m.p.  of  140.5-141.5*. 
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A  study  of  conditions  for  the  conversion  of  (VI)  to  ketone  (I)  showed  that  the  best  results  are  obtained  when 
the  ketal  is  refluxed  for  a  considerable  lengdi  of  time  in  acetone  solution  with  the  addition  of  p-toluenesulfonic 
acid  [6];  the  reaction  does  not  go  to  completion  when  (VI)  Is  refluxed  in  aqueous  acetic  acid. 

EXPERIMENTAL 

Preparation  of  A‘*-3-keto-24-hydroxy-24,24-diphenylcholene  (III)  containing  0.5  molecule  of  methyl  al¬ 
cohol.  3  g  of  A^-36,24-dihydroxy-24,24-diphenylcholene  (II;  m.p.  168-170°)  and  85  ml  of  toluene  were  placed 
In  .1  flask  fitted  with  a  thermometer,  a  stirrer,  and  a  straight  condenser.  The  mixture  was  heated  to  boiling,  15 
ml  of  toluene  was  distilled,  and  then  2.4  ml  of  a  Zl°Jo  solution  of  aluminum  isopropoxide  in  toluene  was  rapidly 
added,  followed  by  another  8  ml  of  toluene.  10  ml  of  toluene  was  distilled,  14.32  g  of  cyclohexanone  in  15  ml 
of  toluene  was  added,  and  the  reaction  mixmre  was  heated  for  27  minutes;  the  heating  was  controlled  so  that  the 
toluene  distilled  slowly.  The  reaction  mixture  was  cooled,  and  a  solution  of  5.16  g  of  Seignette's  salt  [potassium 
sodium  tartrate]  in  5.5  ml  of  water  was  added.  The  aqueous  layer  was  separated  and  extracted  with  toluene. 

The  toluene  solutions  were  combined  and  concentrated  under  vacuum  at  35-40*,  and  the  residual  toluene  was  dis¬ 
tilled  at  40-60"  and  1  mm.  A  yellow,  oily  substance  remained,  which  crystallized  when  trimrated  with  methyl 
alcohoL  Recrystallization  from  methyl  alcohol  gave  2.17  g  (70.4*70)  of  a  substance  with  an  m.p.  of  134-135.5*. 

A  second  recrystallization  and  drying  of  the  crystals  under  vacuum  at  70*  increased  the  m.p.  to  136-137*;  [a Id** 
+59.2*  (2%  in  chloroform).  The  substance  was  readily  soluble  in  acetone,  chloroform,  and  benzene,  and  diffi¬ 
cultly  soluble  in  alcohol. 

Found  lo:  C  83.21;  H  8.92.  *  V^K^O.  Calculated  ‘7«  C  83.22;  H  9.18. 

Preparation  of  3-keto-24-hydroxy-24,24-diphenylcholane  (IV).  The  reduction  of  A*-3 -keto -24 -hydroxy - 
24,24-diphenylcholene  (2.7  g)  was  carried  out  in  12  ml  of  pyridine  in  the  presence  of  1.68  g  of  palladium  on 
calcium  carbonate  (2.08%  Pd).  Over  a  period  of  three  hours,  1  mole  of  hydrogen  was  absorbed,  and  the  hydrogen¬ 
ation  was  then  discontinued.  The  pyridine  solution  was  poured  into  cold  water  and  neutralized  with  hydrodiloric 
acid;  the  hydrogenation  product  was  extracted  with  chloroform.  The  chloroform  solution  was  washed  with  dilute 
solutions  of  hydrochloric  acid  and  sodium  bicarbonate  and  then  with  water.  The  chloroform  was  distilled  under 
vacuum,  and  the  residue  was  washed  with  methyl  alcohol.  2.54  g  (96.6%)  of  a  substance  with  an  m.p.  of  180-181.5* 
was  obtained.  Recrystallization  from  acetone  and  drying  of  the  crystals  at  100*  under  vacuum  increased  the  m.p. 
to  181.5-182.5*;  [a]D^*  +26.9*  (2%  in  chloroform).  The  substance  was  readily  soluble  in  benzene  and  chloroform 
and  sparingly  soluble  in  alcohol  and  ether. 

Found  %:  C  84.35;  H  9.15.  C36H48O2.  Calculated  %;  C  84.32;  H  9.43. 

Preparation  of  A**-3-keto -24,24 -diphenylcholene  (I)  from  3-keto-24,24-diphenylcholane  (IV).  0.5  g  of 
(IV)  was  refluxed  for  3.5  hours  with  4  ml  of  glacial  acetic  acid.  On  cooling  of  the  reaction  mixture,  a  crystal¬ 
line  precipitate  formed;  this  was  filtered,  washed  with  methyl  alcohol,  and  dried.  0.43  g  (89.2%)  of  a  substance 
with  an  m.p.  of  149.5-151*  was  obtained.  Recrystallization  of  the  crystals  from  a  mixture  of  alcohol  and  acetone 
increased  the  m.p.  to  150-152*;  [a]D^*  +55.8*  (2%  in  chloroform).  The  substance  was  readily  soluble  in  ether, 
chloroform  and  benzene,  soluble  in  acetone,  and  sparingly  soluble  in  alcohol. 

Found  %:  C  87.47;  H  9.28.  CggH^eO.  Calculated  %;  C  87.39;  H  9.37. 

Preparation  of  A**-3-keto -24,24 -diphenylcholene  (I)  from  A*’^-3-keto-24,24-diphenylcholadiene  (V). 

10  g  of  A'*’**-3-keto-24,24-diphenylcholadiene  (m.p.  138-139*)  in  50  ml  of  dry  pyridine  was  reduced  in  the  pre¬ 
sence  of  6  g  of  palladium  on  calcium  carbonate  (2.08%  Pd).  The  absorption  of  hydrogen  (1  mole)  ceased  after 
8.5  hoiirs.  The  catalyst  was  filtered  and  washed  with  a  small  amount  of  pyridine;  the  pyridine  solution  was 
poured,  with  stirring,  into  cold  water,  and  a  dilute  solution  of  hydrochloric  acid  was  added  until  the  solution  was 
acid,  as  shown  by  Congo  indicator.  The  substance  separated  first  in  the  form  of  an  oil,  which  rapidly  crystallized; 
it  wss  extracted  with  ether.  The  ether  extract  was  washed  with  dilute  solutions  of  hydrodiloric  acid  and  sodium 
bicarbonate  and  then  with  water.  It  was  dried  with  sodium  sulfate.  The  ether  was  distilled  under  vacuum,  and 
the  residue  was  recrystallized  from  a  mixture  of  250  ml  of  alcohol  and  100  ml  of  acetone.  8.26  g  of  a  substance 
with  an  m.p.  of  150.5-152*  was  obtained.  An  additional  0.88  g  of  the  substance,  m.p.  150-152*,  was  isolated 
from  the  filtrate.  The  total  yield  was  9.14  g  (91%).  A  mixture  of  this  material  with  a  sample  of  the  A**-3-keto- 
24,24-diphenylcholene  (I)  prepared  previously,  showed  no  depression  of  the  melting  point. 
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Preparation  of  A”-3-keto-24,24-diphenylcholene-3 -ethylene  ketal  (VI).  12  g  of  A®-3-keto-24,24-di- 
phenyldiolene,  12  ml  of  ethylene  glycol,  360  ml  of  benzene,  and  0.5  g  of  p-toluenesulfonic  acid  were  refluxed 
for  eight  hours  in  an  apparatus  with  a  Dean  and  Stark  head;  water  was  separated  during  the  reaction.  The  reac¬ 
tion  mixture  was  cooled,  a  solution  of  potassium  hydroxide  in  methyl  alcohol  was  added,  and  the  mixture  was 
agitated  with  water.  Ether  was  added,  since  separation  of  the  layers  was  poor.  The  ether-benzene  layer  was 
washed  three  times  with  water,  dried  with  anhydrous  sodium  sulfate,  and  the  solvents  were  distilled  under  vacuum. 
The  residue  was  recrystallized  from  300  ml  of  acetone.  12.14  g  (92,8^o)  of  the  ketal  was  obtained;  m.p.  140.5- 
141.5*,  [ajp**  +52.2*  (2^o  in  chloroform).  An  additional  0.3  g  of  the  substance,  m.p.  139-140.5*,  was  isolated 
from  the  filtrate.  The  total  yield  was  12.44  g  (95.1%).  The  substance  was  soluble  in  chloroform,  benzene,  and 
ether  and  sparingly  soluble  in  alcohol  and  acetone. 

Found  %:  C  84.67;  H  9.37.  Cs^CXj.  Calculated  %;  C  84.71;  H  9.35. 

Conversion  of  ketal  (VI)  to  ketone  (I),  a)  2  g  of  ketal  (VI)  was  dissolved  in  100  ml  of  dry  acetone;  0.1  g 
of  p-toluenesulfonic  acid  was  added,  and  the  mixture  was  refluxed  for  14  hours.  The  solution  was  concentrated 
under  vacuum  to  half  its  volume,  50  ml  of  water  was  added,  and  the  resulting  precipitate  was  filtered,  washed 
with  water  to  a  neutral  reaction,  and  dried  under  vacuum  at  60*.  Recrystallization  from  60  ml  of  a  mixture  of 
alcohol  and  acetone  (2.5 : 1)  gave  1.55  g  (84.4%)  of  a  substance  with  an  m.p.  of  149-150*.  A  second  recrystalli¬ 
zation  increased  the  m.p.  to  150-152*.  The  first  filtrate  was  evaporated  to  dryness  under  vacuum.  The  residue 
was  again  treated  with  acetone  in  pyridine  in  the  presence  of  p-toluenesulfonic  acid,  as  described  above.  An 
additional  0.11  g  of  the  material,  m.p.  149-150*,  was  obtained.  The  total  yield  was  1.66  g  (90.4%). 

b)  0.3  g  of  ketal  (VI),  6  ml  of  glacial  acetic  acid,  and  2  ml  of  water  were  refluxed  for  25  minutes  with 
stirring.  4  ml  of  glacial  acetic  acid  was  added,  and  refluxing  was  continued  for  another  25  minutes.  The  mix¬ 
ture  was  cooled,  and  the  precipitate  was  filtered,  washed  with  water  to  a  neutral  reaction,  and  dried.  0.27  g 
of  a  substance  with  an  m.p.  of  120-145*  was  obtained. 

SUMMARY 

A®-3-Keto-24,24-diphenylcholene,  which  has  not  previously  been  described  in  the  literature,  was  pre¬ 
pared  by  two  methods:  from  A®-3fl,24-dihydroxy-24,24-diphenylcholene  and  from  A‘*'^-3-keto-24,24-diphenyl- 
choladiene. 

A^-3-Keto-24,24-diphenylcholene-3-ethylene  ketal  was  also  prepared.  Conditions  for  its  conversion  to 
the  3 -ketone  were  determined. 
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THE  PREPARATION  OF  PREGNANE-3 , 20 -DIONE 
FROM  A*’-3 -KETO-24,24-DIPHENYLCHOLENE-3 -ETHYLENE  KETAL 


V.I.  Maksimov,  F.A.  Lur’i  and  G.F.  Krupina 


In  die  course  of  work  on  the  synthesis  of  pregnane-3,20 -dione,  we  investigated  the  bromination  with  N- 
bromosuccinimide  of  A^-3-keto-24,24-diphenylcholene-3 -ethylene  ketal  [1]  and  the  dehydrobromination  of  the 
resulting  22 -bromide. 

In  1942,  Ziegler  and  co-workers [2]  showed  that  during  the  action  of  N-bromosuccinimide  on  unsatuiated 
compounds,  bromination  occurs  alpha  to  the  double  bond.  Later, this  reaction  found  widespread  application,  and, 
in  particular,  has  been  used  in  the  chemistry  of  steroids  for  the  conversion  of  compounds  containing  the  A®- 
24,24-diphenylcholene  group  (I)  through  the  22 -bromide  (II)  and  A*®’®-choladiene  (III)  to  the  corresponding  20- 
ketosteroids  (IV)  according  to  the  scheme; 


The  literature  has  repeatedly  contained  reports  .of  the  synthesis  of  various  20-ketosteroids  from  A®-36-hy- 
droxycholenic  acid  [3,4],  3fl-hydroxyallocholanic  acid  [5],  lithocholic  acid  [5],  and  desoxycholic  acid  [6,  7]  by 
methods  in  which  the  last  stages  were  carried  out  by  the  above  scheme.  However,  the  yields  of  (HI)  obtained 
from  (I)  for  various  compounds  of  this  series,  and  sometimes  for  the  same  compound,  varied  considerably.  For 
example,  according  to  the  data  of  Meystre  and  co-workers  [6],  the  conversion  of  A^-3a,12a-diacetoxy-24,24- 
diphenylcholene  to  A^°’®-choladiene  proceeds  with  a  yield  of  82*70,  while  Casanova,  Shoppee  and  Summers  [7] 
indicated  that  considerable  difficulty  is  encountered  in  carrying  out  this  reaction.  The  authors  reported  that  after 
discussing  the  reaction  conditions  with  Wettstein,  they  were  able  to  obtain  what  tiiey  considered  satisfactory  yields 
of  choladiene  (23. 7 -40. 6*70*  in  five  experiments  and  75*70  in  one  experiment  under  the  same  conditions).  In  con¬ 
nection  with  this,  a  study  of  the  conversions  (I)  -*■  (II)  and  (II)  -♦  (III)  appeared  to  be  of  definite  interest. 

The  present  communication  presents  the  results  obtained  during  the  bromination  with  N-bromosuccinimide 
of  A^-3-keto-24,24-diphenylcholene-3-ethylene  ketal  (V)  and  the  subsequent  conversion  of  the  bromide  (VI)  to 
the  previously  undescribed  A*®’^-3-keto -24,24 -diphenylcholadiene -3 -ethylene  ketal  (VII)  and  A^’^-3-keto- 
24,24-diphenylcholadiene  (VIII).  The  latter  was  oxidize^  with  chromium  trioxide  to  pregnane-3 ,20 -dione. 

The  work  was  begun  with  a  study  of  the  dehydrobromination  reaction.  For  this  purpose,  ketal  (V)  was  bro- 
minated  by  the  method  common  for  analogous  compounds  —  by  refluxing  in  carbon  tetrachloride  with  N-bromo- 
succiniraide  under  illumination.  After  separation  of  the  succinimide,  the  resulting  bromide,  without  isolation, 
was  further  converted  to  choladiene.  According  to  the  literature,  elimination  of  hydrogen  bromide  from 


*The  amount  of  material  isolated  from  the  filtrates  in  these  experiments  was  not  reported. 
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I 


R  =  C*H5 

bromides  is  accomplished  by  refluxing  in  carbon  tetrachloride  [3,  6,  7],  in  a  mixture  of  carbon  tetrachloride  and 
glacial  acetic  acid  [5],  and  in  dimethylaniline  [3,4,  5]  and  also  by  heating  with  pyridine  [8]. 

According  to  our  observations,  when  dehydrobromination  of  (VI)  is  carried  out  in  dimethylaniline  (by  re¬ 
fluxing  for  ten  minutes),  considerable  taning  of  the  reaction  products  occurs.  Therefore,  this  method  was  aban- 
dcMied.  When  a  solution  of  (VI)  in  carbon  tetrachloride  was  refluxed  (6,5  hours),  the  resulting  compound  contained 
QPjo  bromine  (which  corresponds  to  46*70  of  the  monobromide  of  the  ketal).  A  more  detailed  study  of  the  hydro- 
bromination  reaction  showed  that  the  elimination  of  hydrogen  bromide  has  already  begun  during  the  bromination 
process  (four  minutes  after  the  beginning  of  the  reaction).  During  the  subsequent  refluxing  of  the  reaction  mix¬ 
ture  in  carbon  tetrachloride,  the  rate  of  the  dehydrobromination  reaction  gradually  decreases,  and  the  process  has 
practically  stopped  after  10-12  hours,  although  at  this  time  only  about  69*70  of  the  theoretical  amount  of  hydrogen 
bromide  has  been  evolved.  It  is  possible  that  the  equilibrium  (VI)  =^(VII)  is  established  during  the  process. 

Since  the  hydrogen  bromide  evolved  during  the  bromination  leads  to  partial  saponification  of  the  ketal 
group  (determined  by  spectroscopic  analysis),  which  can  cause  side  bromination  reactions  in  the  a -position  to  the 
3-keto  group,  we  carried  out  an  experiment  in  which  a  small  amount  of  pyridine  was  added  to  the  reaction  mix¬ 
ture.  In  diis  case  also,  after  dehydrobromination  in  carbon  tetrachloride,  a  substance  containing  6.1*7o  bromine 
was  obtained.  These  results  indicate  that  dehydrobromination  in  carbon  tetrachloride  at  reflux  temperature  fails, 
by  a  considerable  extent,  to  go  to  completion. 

A  change  in  the  dehydrobromination  conditions  permitted  us  to  accomplish  readily  the  almost  complete 
elimination  of  hydrogen  bromide  from  (VI).  Crude  choladiene  (VII),  practically  free  from  brominated  impurities, 
was  obtained  when  die  reaction  was  carried  out  by  heating  in  pyridine  at  105-110®  (two  hours),  by  refluxing  for 
two  hours  in  a  mixture  of  carbon  tetrachloride  and  pyridine  (4: 1)  after  a  preliminary  refluxing  in  carbon  tetra¬ 
chloride  (five  hours),  and  by  refluxing  in  glacial  acetic  acid  (20  minutes),  hrteresting  results  were  obtained  dur¬ 
ing  an  attempt  to  carry  out  the  dehydrobromination  of  (VI)  in  pyridine  at  room  temperamre.  Under  these  con¬ 
ditions,  along  with  choladiene,  a  substance  which  was  readily  soluble  in  alcohol  was  obtained.  It  contained  ni¬ 
trogen  and  bromine,  and  in  aqueous -alcoholic  solution  it  gave  a  precipitate  with  silver  nitrate.  On  the  basis  of 
the  analytical  data  and  the  ease  of  solution  in  alcohol  and  hot  water,  it  may  be  assumed  that  this  compound  is 
the  pyridine  salt  of  the  monobromide  of  3-keto-24,24-diphenylcholene-3-ethylene  ketal.  Evolution  of  hydrogen 
bromide  was  not  detected  when  this  pyridine  salt  was  heated  (refluxed  four  hours)  in  carbon  tetrachloride. 


TABLE  1 


Expt. 

No. 

Amount 
of  CCl* 
used 

Excess  of  Bromination 

N-bromo-  time  (in  min) 
succini  - 
mide  (*70) 

Yield  of 
(VII)  (in  *70) 

Melting 
point  of 

(vn) 

Yield  of 
pure  (VII) 
with  m.p.  of 
193.5-196.5® 
(in  *70) 

1 

20 

6-7  5..5 

51.2 

189-1 93..5° 

44.4 

2 

20 

6-7  !»-IO 

.53.2 

189— 193-5 

46.2 

3  • 

20 

H-7  9-10 

49.7 

188-192.5 

— 

4 

20 

6-7  20 

.5.3.2 

189-19.3.5 

46.2 

5 

20 

15  9-10 

.58.2 

189.5—19:3.5 

.50.5 

6 

4.5 

15  ‘J-10 

65.3 

190-193 

.56.7 

7 

4.5 

20  9—10 

63.25 

191-193 

.55.2 

8 

80 

15  9—10 

1 

72.:; 

191-192.5 

65 

•Experiment  3  was  carried  out  without  the  addition  of  pyridine  during  bromination. 
The  resulting  reaction  product  was  subjected,  before  purification,  to  the  action  of 
ediylene  glycol  in  the  presence  of  p-toluenesulfonic  acid. 
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The  investigation  of  the  bromination  of  ketal  (V)  was  carried  out  wldiout  isolating  the  bromide  (V),  which 
was  subjected  to  dehydrobromination  by  refluxing  in  a  mixture  of  carbon  tetrachloride  and  pyridine  (4: 1),  i,e., 
under  conditions  providing  for  complete  elimination  of  the  hydrogen  bromide,  A  small  amount  of  pyridine  was 
added  to  the  reaction  mixture  during  bromination  in  order  to  prevent  saponification  of  the  ketal  group.  We  de¬ 
termined  the  effect  of  the  following  variables  on  the  yield  of  choladiene  (VII);  bromination  time,  excess  of  N- 
bromosuccinimide,  and  amount  of  carbon  tetrachloride.  The  results  of  the  experiments  are  presented  in  Table  1 
(in  all  experiments,  1  g  of  ketal  was  used). 

The  data  obtained  show  that  a  change  in  the  bromination  time  from  5.5  to  20  minutes  has  almost  no  ef¬ 
fect  on  the  yield  of  (VII)  (Experiments  1,  2  and  4);  an  increase  in  the  excess  amount  of  N-bromosuccinimide  to 
15Pjo  leads  to  an  increase  in  the  yield  (Experiments  2  and  5).  The  yield  of  (VII)  increased  considerably  with  an 
increase  in  the  amount  of  carbon  tetrachloride  present  during  bromination  (Experiments  5  and  8), 

The  conversion  of  ketal  (VII)  to  ketone  (VIII)  was  carried  out  by  refluxing  (14  hours)  an  acetone  solution 
of  (VII)  in  the  presence  of  p-toluenesulfonic  acid.  Oxidation  of  ketone  (VIII)  with  chromium  trioxide  gave  preg¬ 
nane-3,20 -dione. 


EXPERIMENTAL 

Investigation  of  the  Dehydrobromination  Reaction  During  the  Preparation  of  A*®’**- 
3  -  Keto -24 , 24  -  di  ph  eny  Ichola  di  en  e  -  3 -ethy  len  e  Ketal  (VII) 

a)  Dehydrobromination  in  carbon  tetrachloride  and  the  kinetics  of  the  reaction.  1  g  of  A^-3-keto-24,24- 
diphenylcholene -3 -ethylene  ketal  (V),  m.p.  140.5-141.5*,  was  dissolved  in  20  ml  of  dry  caroon  tetrachloride, 
0.332  g  of  99.5%  N-bromosuccinimide  was  added,  and  the  mixture  was  refluxed  for  twelve  minutes  in  a  stream 
of  nitrogen  and  under  illumination  by  a  lamp  (500  W)  with  a  reflector.  The  evolution  of  hydrogen  bromide  began 
four  minutes  after  the  reaction  was  started;  the  hydrogen  bromide  was  absorbed  in  an  0.1 -N  solution  of  sodium 
hydroxide.  At  the  conclusion  of  the  bromination,  the  excess  alkali  was  back-titrated.  1.7  ml  of  the  0.1 -N  NaOH 
had  been  tied  up.  The  reaction  mixture  was  cooled  with  ice,  the  precipitated  succinimide  was  filtered,  and  the 
filtrate  was  boiled  for  twelve  hours  in  a  flask  fitted  with  a  dropping  funnel,  a  condenser  arranged  for  distillation, 
and  a  receiver,  which  was  connected  to  a  scrubber  containing  an  0.1 -N  solution  of  sodium  hydroxide.  As  the 
carbon  tetrachloride  distilled,  a  corresponding  amount  of  fresh  solvent  was  added.  At  specific  time  intervals,  the 
distillate  was  collected  and  washed  several  times  with  water,  and  the  solution  of  alkali  was  replaced.  The  aque¬ 
ous  extracts  were  combined  with  the  alkaline  solution,  and  the  excess  alkali  was  back-titrated.  The  results  are 
presented  in  Table  2. 


TABLE  2 


Dehydrobromina¬ 
tion  time  (in  hrs) 

Amount  of  0.1 -N 
NaOH  reacted 
with  HBr  (in  ml) 

Amount  of  HBr 
evolved  (in  %) 

1 

=  ] 

1  for  each 

16.2 

2 

2.72  1 

1  hour 

30.8 

3 

2.4  ] 

43.7 

6 

2.25  1 

I  for  each 

55.9 

9 

0.59 

[  3  hours 

59 

12 

0.23] 

60.3 

A  total  of  12.89  ml  of  the  0.1 -N  solution  of  sodium  hydroxide  was  reacted  during  the  bromination  and  hy- 
drobromination;  this  corresponds  to  69.4%  of  the  theoretical  amount  of  hydrogen  bromide.  At  the  conclusion  of 
the  reaction,  the  solvent  was  distilled  under  vacuum.  The  tarry  residue  was  ground  with  alcohol,  filtered,  and 
washed  with  alcohol,  0.85  g  of  a  substance  with  an  m.p.  of  157-171"  was  obtained.  The  substance  contained 
6%  bromine.  When  the  experiment  was  canied  out  without  the  nitrogen  flow  (dehydrobromination,  6.5  hours), 
the  same  results  were  obtained.  A  repetition  of  the  experiment  with  the  addition  to  the  reaction  mixture  of  0.1 
ml  of  dry  pyridine  resulted  in  0.8  g  of  material  with  an  m.p.  of  167-179*.  The  bromine  content  was  6.1%.  In 
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succeeding  experiments,  the  bromination  vas  carried  out  under  the  conditions  described  above  (without  the  ni¬ 
trogen  flow).  1  g  of  A*^-3-keto-24,24-diphenylcholene-3-ethylene  ketal  (V),  20  ml  of  carbon  tetrachloride, 

0.35  g  of  99.5%  N-bromosuccinimide  (5.4%  excess),  and  0.1  ml  of  pyridine  were  used.  The  dehydrobromination 
conditions  were  varied. 

b)  Dehydrobromination  in  a  mixture  of  carbon  tetrachloride  and  pyridine  (4 : 1).  At  the  end  of  the  bromin¬ 
ation  and  separation  of  the  succinimide,  the  filtrate  was  refluxed  for  five  hours,  5  ml  of  pyridine  was  then  added, 
and  the  refluxing  was  continued  for  another  two  hours.  The  solvent  w^as  distilled  under  vacuum.  The  tarry  pre¬ 
cipitate,  which  still  contained  a  certain  amount  of  pyridine,  was  washed  with  alcohol.  0.76  g  of  a  substance 
widi  an  m.p.  of  166-186“  was  obtained.  It  contained  only  traces  of  bromine.  Recrystallization  from  a  mixture 

of  acetone  and  ethyl  acetate  (3 : 1)  gave  0.456  g  of  a  substance  with  an  m.p.  of  188-195".  A  second  recrystalliza¬ 
tion  increased  the  m.p.  to  193.5-196.5*.  The  substance  was  readily  soluble  in  chloroform  and  difficultly  soluble 
in  alcohol,  ether,  and  acetone. 

Found  %:  C  84.92;  H  8.82.  C3^lP2*  Calculated  %:  C  85.02;  H  9.01. 

c)  Dehydrobromination  in  glacial  acetic  acid.  After  separation  of  the  succinimide  and  distillation  of  the 
carbon  tetrachloride  under  vacuum,  25  ml  of  glacial  acetic  acid  was  added  to  the  residue,  and  the  mixture  was 
refluxed  for  20  minutes.  The  acetic  acid  was  distilled  under  vacuum,  and  the  tarry  residue  was  dissolved  in  ben¬ 
zene.  The  benzene  solution  was  washed  with  sodium  bicarbonate  solution  and  then  with  water,  and  the  benzene 
was  distilled  under  vacuum.  The  remaining  material  was  washed  with  alcohoL  0.7  g  of  a  substance  with  an 
m.p.  of  154-179“  was  obtained.  It  contained  only  a  trace  of  bromine. 

d)  Dehydrobromination  by  heating  in  pyridine.  The  experiment  was  carried  out  in  10  ml  of  pyridine  for 
two  hours  at  105-110“.  The  pyridine  was  distilled  under  vacuum  (30-35“).  The  remaining  tarry  material  was 
dissolved  in  benzene.  The  benzene  solution  was  washed  with  dilute  hydrochloric  acid  and  water.  The  residue 
remaining  after  distillation  of  the  benzene  under  vacuum  was  washed  with  alcohol.  0.83  g  of  a  substance  with 
an  m.p.  of  160-180“  was  obtained.  It  contained  only  traces  of  bromine.  Recrystallization  from  a  mixture  of 
acetone  and  ethyl  acetate  (3: 1)  increased  the  m.p.  to  190-192“.  The  weight  was  0.39  g. 

e)  Dehydrobromination  in  pyridine  at  room  temperature.  The  experiment  was  carried  out  in  15  ml  of  p)n:i- 
dine  for  20  hours  at  room  temperature.  Separation  of  the  substance  was  carried  out  as  described  above  (d).  0.36  g 
of  a  substance  with  an  m.p.  of  150-175“  was  obtained.  It  contained  only  a  trace  of  bromine.  Recrystallization 
increased  the  m.p.  to  193.5-196“.  The  alcohol  filtrate  was  concentrated  under  vacuum.  A  dark,  tarry  substance 
(0.54  g)  remained;  it  did  not  evolve  hydrogen  bromide  when  heated  (refluxed  four  hours)  in  carbon  tetrachloride. 
The  carbon  tetrachloride  was  distilled  under  vacuum.  The  tarry  residue  solidified  when  ground  with  ether.  The 
material  was  filtered,  washed  with  ether,  and  dried  at  60“.  0.4  g  of  a  substance  with  an  m.p.  of  128-132*  was 
obtained.  Additional  drying  at  100“  for  eight  hours  did  not  change  the  melting  point. 

Found  %;  N  1.92;  Br  11.5.  C43H5402NBr.  Calculated  %;  N  2.01;  Br  11.47. 

The  substance  was  readily  soluble  in  alcohol  and  hot  water,  and  was  insoluble  in  ether.  The  addition  of 
ether  to  an  alcoholic  solution  of  tlie  material  and  the  cooling  of  an  aqueous  solution  caused  separation  of  the 
substance  in  the  form  of  an  oil.  The  action  of  silver  nitrate  on  a  solution  of  the  substance  in  aqueous  alcohol 
precipitated  silver  bromide. 

Investigation  of  the  Bromination  of  -3  -  Keto -24 , 24 -di  ph  enylcholene -3  -  ethylene 
Ketal  (V) 

The  bromination  mediod  was  analogous  to  that  described  above.  1  g  of  ketal  (V),  m.p.  140.5-141.5“,  was 
dissolved  in  carbon  tetrachloride,  and  the  N-bromosuccinimide  (99.5%)  and  0.1  ml  of  pyridine  were  added.  The 
reaction  mixture  was  refluxed  under  illumination  from  two  lamps  (500  W).  The  reaction  conditions  were  varied. 

In  all  experiments  (except  experiment  8)  the  dehydrobromination  was  carried  out  under  uniform  conditions, 
as  described  in  (b)  above.  Experiment  8  was  carried  out  by  the  same  method  in  a  mixture  of  carbon  tetrachloride 
and  pyridine  (6;  1).  In  contrast  to  the  method  described  previously  under  (b),  separation  of  the  material  was  car¬ 
ried  out  after  removal  of  the  pyridine  by  washing  with  water  and  a  dilute  solution  of  hydrodtloric  acid.  The  re¬ 
sults  of  these  experiments  are  presented  in  Table  1. 


2916 


Preparation  of  A**’**-3 -Keto-24,24-Diphenylcholadiene  (VIII) 

2  g  of  A*®’^-3-keto -24,24 -diphenylcholadiene -3 -ethylene  ketal  (VII)  was  dissolved  in  100  ml  of  dry  ace¬ 
tone,  0.1  g  of  p-toluenesulfonic  acid  was  added,  and  the  mixture  was  refluxed  for  14  houn.  Part  of  the  acetone 
•  was  distilled  (about  50  ml),  the  mixture  was  diluted  with  water,  and  the  resulting  precipitate  was  filtered,  washed 
with  water  to  a  neutral  reaction,  and  dried  at  60*.  The  substance  was  recrystalUzed  from  acetone.  1.02  g  of  a 
substance  with  an  m.p.  of  187-190“  was  obtained.  A  second  recrystallization  from  acetone  and  drying  under 
vacuum  at  100“  increased  the  melting  point  to  191-193*  (0.83  g).  An  additional  0.31  g  of  ihe  substance,  m.p. 
190-192“,  was  separated  from  the  filtrate.  The  substance  was  readily  soluble  in  chloroform,  soluble  in  ether, 
and  sparingly  soluble  in  alcohol  and  acetone. 

Found  ’Iv.  C  87.95;  H  8.83.  C36H44O.  Calculated  °](r.  C  87.75;  H  9.00. 

Preparation  of  Pregnane-3,20 -dione 

0.9  g  of  A*®’^-3-keto-24,24-diphenylcholadiene  (VIII)  was  oxidized  with  0.74  g  of  chromium  trioxide  in 
a  mixture  of  chloroform  and  80^o  acetic  acid  at  2“  and  with  stirring,  which  was  continued  for  two  hours  at  5-10“, 
and  the  reaction  mixture  was  then  allowed  to  stand  at  10-14*  for  15  hours.  After  the  usual  treatment,  0.6  g  of 
a  tarry  substance  was  separated,  washed  with  hexane  and  with  etiier,  and  recrystallized  from  aqueous  alcohol. 

The  m.p.  was  119-121*.  A  mixture  with  known  pregnane-3,20 -dione  showed  no  depression  of  the  melting  point. 

SUMMARY 

The  bromination  with  N-bromosuccinimide  of  A^-3-keto -24,24 -diphenylcholene-3 -ethylene  ketal  and 
the  dehydrobromination  of  the  corresponding  22  bromide  were  investigated. 

A^o,25_3-j,jeto-24,24-diphenylcholadiene-3-ethylene  ketal  and  A^’®*-3-keto-24,24-diphenylcholadiene 
were  prepared.  The  latter  was  converted  to  pregnane-3,20 -dione. 
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A  NEW  ALKALOID  FROM  THE  CENTRAL  ASIATIC  LARKSPUR 


A.V.  Bocharnikova  and  E.I.  Andreeva 


The  material  for  our  work  comprised  the  underground  parts  of  a  larkspur  closely  related  to  a  known  species 
of  mountain  larkspur  (Delt^iinium  Oreophilum  Huth),but  differing  from  it  in  morphological  characteristics.  The 
plant  was  collected  on  the  VNIKhFI  [All-Union  Chemical-Pharmaceutical  Scientific  Research  Institute]  expedi¬ 
tion,  under  the  direction  of  P.S.  Massagetov,  in  the  Aksu-Dzhebogla  National  Forest  in  the  Southern  Kazakhstan 
District.  The  original  material  was  collected  on  August  3,  1954  at  an  altitude  of  1600  meters;  the  plants  were 
in  the  flowering  phase. 

The  total  bases  (0.69%  of  the  weight  of  dry  plant)  were  extracted  with  dichloroethane.  Paper  chromatog¬ 
raphy  established  the  presence  of  five  alkaloids  with  R^  0.35.  0.47,  0.55,  0.68,  0.81. 

The  present  paper  describes  the  separation  and  investigation  of  the  two  alkaloids  present  in  the  plants  in 
the  greatest  amounts,  those  with  R^  0.47  and  0.55.  These  alkaloids,  which  are  designated,  respectively,  (I)  and 
(II),  could  be  separated  by  virtue  of  the  differing  solubilities  of  the  bases  and  their  salts. 

Alkaloid  (I)  had  a  composition  corresponding  to  the  formula  CjeH^jO^N;  it  contained  one  OH  group,  four 
OCH3  groups,  a  methyienedioxy  group,  and  an  N-alkyl  group,  and  it  did  not  contain  an  ester  group.  The  infra¬ 
red  absorption  spectrum  of  base  (1)  was  closely  similar  to  that  of  lycoctonine;  it  contained  a  band  characteristic 
of  the  OH  group  in  the  3500  cm"^  region,  and  did  not  contain  the  carbonyl  band. 

This  is  a  new  alkaloid.  We  propose  for  it  the  name  oreoline. 

After  saponification  of  the  methyienedioxy  group  in  oreoline,  a  substance  was  obtained  with  the  composi¬ 
tion  C25H430yN,  which  contained  three  OH  groups,  four  OCH3  groups,  and  an  N-allqrl  group.  Bands  characteristic 
of  hydroxyl  groups  were  present  in  the  infrared  spectrum,  while  carbonyl  bands  were  absent. 
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Product  from  saponifi¬ 
cation  of  methyiene¬ 
dioxy  group  in  oreoline 

Alkaloid  (11)  was  obtained,  in  the  form  of  the  perchlorate,  from  the  mother  liquor  remaining  from  the  iso¬ 
lation  of  the  oreoline.  This  alkaloid  was  identical  with  methyllycaconitine. 

Work  continues  on  the  further  investigation  of  the  total  alkaloids. 

EXPERIMENTAL 

Extraction  of  die  alkaloids  from  the  plants.  14  kg  of  the  ground  plants  was  wetted  with  a  5%  solution  of 
sodium  carbonate,  and  was  extracted  with  dichloroethane  in  a  percolation  apparatus.  The  extract  was  treated 
with  sulfuric  acid,  and  the  aqueous  layer  was  agitated  twice  with  ether.  The  aqueous  layer  was  made  alkaline 
with  a  5%  solution  of  sodium  carbonate,  and  was  exhaustively  extracted  with  ether  and  then  with  chloroform. 

77  g  of  material  (Fraction  ^  was  obtained  from  the  ether  extract,  and  19.5  g  of  material  (Fraction  ^  was  obtained 
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from  the  chloroform  extract.  By  means  of  paper  chromatography  on  No.  4  paper  (solvent  -  the  upper  phase  of  a 
mixture  of  butanol,  water  and  acetic  acid  taken  in  the  ratio  50 : 50 : 1;  time  -  about  15  hours;  temperature  - 
18-19";  developer  -  Dragendorff’s  solution),  it  was  established  that  Fraction  a  contained  five  alkaloids  with  Ryr 
0.35,  0.47,  0.55,  0.68,  0.81,  and  Fraction  b  contained  four  alkaloids  with  0.36,  0.56,  0.69,  0.82.  As  may  be 
seen  from  the  values,  both  the  ether  and  chloroform  fractions  consisted  of  the  total  alkaloids,  except  for  the 
absence  from  the  chloroform  fraction  of  the  substance  with  an  R^  of  0.47,  which  was  completely  extracted  by 
ether  and  which,  from  the  size  and  intensity  of  the  spot,  was  the  major  substance  in  the  total  alkaloids. 

Isolation  of  oreoline.  77  g  of  Fraction  a  was  crystallized  from  acetone  and  then  twice  from  alcohol;  6.7  g 
of  oreoline  was  obtained,  m.p.  211-213"  (under  vacuum),  [ajp  -28*  (cone.  1.0,  chloroform)  and  [ajp  +55.1* 
(cone.  1.0,  alcohol).  The  substance  was  insoluble  in  water,  difficultly  soluble  in  alcohol  and  acetone,  and  sol¬ 
uble  in  ether  and  chloroform. 

Found  ‘la  C  64.58;  H  8.58;  N  3.0;  OH  3.45;  OCH3  24.52.  C2iH28(OH)(OCH8)4(CH2CVj)N.  Calculated 
C  64.8;  H  8.9;  N  2.9;  OCHj  25.77;  OH  3.53. 

An  additional  4  g  of  impure  oreoline  was  obtained  by  evaporation  of  the  mother  liquors. 

The  hydrochloride  of  oreoline  was  prepared  by  acidification  of  a  solution  of  the  base  in  anhydrous  alcohol 
with  an  alcoholic  solution  of  HCl  followed  by  the  addition  of  absolute  ether  until  the  solution  became  turbid; 
after  two  crystallizations  from  alcohol-ether  mixture,  the  m.p.  was  186-188".  The  substance  was  readily  soluble 
in  water,  alcohol,  and  acetone. 

Founds  C  60.68;  H  8.4;  Cl  6.82.  C26H43O7N  •  HCl.  Calculated ‘7<t  C  60.3;  H  8.31;  Cl  6.86. 

Oreoline  perchlorate  was  prepared  by  the  addition  of  an  aqueous  solution  of  magnesium  perchlorate  to  a 
solution  of  the  base  in  10*55)  HCl.  After  two  recrystallizations  of  the  perchlorate  from  a  mixture  of  alcohol  and 
ether,  the  m.p.  was  139-142". 

Found  *551  N  2.33;  Cl  6.24.  C26H43O7N  •  HCIO4.  Calculated  ‘55*  N.2.40;  Cl  6.02. 

Isolation  of  methyllycaconitine.  The  mother  liquors  remaining  after  the  separation  of  the  oreoline  were 
evaporated  under  vacuum;  the  residue  was  dissolved  in  sulfuric  acid;  the  solution  was  washed  with  ether,  made 
alkaline  with  sodium  carbonate,  and  extracted  with  ether;  26  g  of  the  amorphous  base  was  obtained.  This  was 
dissolved  in  lO^HCl,  and  an  excess  of  magnesium  perchlorate  was  added.  7.5  g  of  the  perchlorate  was  obtained, 
m.p.  190-194"  (from  50*55) alcohol),  [ajj)  +27"  (cone.  0.4,  alcohol).  A  mixture  with  a  known  sample  of  methyl¬ 
lycaconitine  [1]  showed  no  depression  of  the  melting  point.  From  the  filtrate  remaining  after  the  separation  of 
the  methyllycaconitine  was  obtained  12  g  of  a  mixture  of  amorphous  bases,  the  separation  of  which  by  chromato¬ 
graphing  over  AI2O3  gave  a  small  amount  of  oreoline  and  methyllycaconitine. 

Saponification  of  the  methylenedioxy  group.  5.25  g  of  oreoline  and  3.53  g  of  phloroglucinol  were  dis¬ 
solved  in  330  ml  of  hydrochloric  acid  (1:1)  and  heated  for  two  hours  at  70-80".  Further  treatment  was  by  the 
method  described  previously  [2].  2.65  g  of  the  phloroglucide  was  obtained;  this  corresponds  to  a  single  methylene¬ 
dioxy  group. 

From  the  aqueous  solution  was  isolated  1.7  g  of  a  base  with  an  m.p.  of  73-75*  (from  ether),  [ajp  +64.2* 
(cone.  1.0,  alcohol),  R^  0.45  (when  chromatographed  under  the  previously  described  conditions).  The  substance 
was  insoluble  in  water,  difficultly  soluble  in  ether,  and  readily  soluble  in  alcohol,  acetone,  methanol,  and  chlo¬ 
roform. 

Found  *7<t  C  64.0;  H  8.8;  N  3.21;  OH  11.75;  OCH3  27.67;  NCH3  5.38.  C2oH2s(OH)3(OCH3)4NCH3.  Calculated 
•ya  C  63.9;  H  9.0;  N  2.98;  OH  10.87;  OCH3  26.43;  NCH3  6.10. 

In  view  of  the  close  agreement  in  the  analyses,  it  can  be  assumed  that  the  nitrogen  is  bound  to  a  CH3  group. 

A  crystalline  perchlorate,  hydrochloride,  oxalate,  or  picrate  could  not  be  prepared.  An  additional  1  g  of 
the  substance  was  separated  from  the  mother  liquor. 

SUMMARY 

From  the  mountain  larkspur  (Delphinium  Oreophilum  Huth.)  was  separated  0.69*55)  total  bases,  die  separation 
of  which  gave  a  new  alkaloid  and  also  methyllycaconitine. 
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PREPARATION  OF  HYDRATROPIC  ALCOHOL 

A.M.  Sladkov  and  L.K.  Luneva 

2-Phenyl-l-propanol,  or  hydratropic  alcohol,  is  of  considerable  interest  as  an  aromatic  principle.  This 
product  presently  finds  application  as  a  "lilac"  base  in  modern  perfume  compositions  [1].  The  method  used  in 
producing  hydratropic  alcohol  has  not  been  published;  however,  there  is  basis  for  the  assumption  that  its  synthesis 
is  accomplished  by  the  reduction  of  hydratropic  aldehyde,  which  has  previously  been  described  in  the  literature. 

Thus,  [2]  described  a  process  for  the  reduction  of  hydratropic  aldehyde  with  activated  powdered  magnesium 
in  an  alcoholic  medium;  Cohen  and  co-workers [3],  who  prepared  a  series  of  derivatives  of  hydratropic  alcohol, 
started  with  the  synthesis  of  the  alcohol  from  hydratropic  aldehyde.  Finally,  Ramart  and  Amagat  [4]  prepared 
hydratropic  alcohol  by  a  multistage  synthesis,  starting  with  the  nitrile  of  hydratropic  acid  and  proceeding  through 
the  amide,  which  was  reduced  with  metallic  sodium  in  anhydrous  alcohol;  along  with  the  hydratropic  alcohol, 
this  synthesis  also  formed  the  corresponding  amine  as  a  by-product.  This  last  method  is  hardly  satisfactory  for 
use  in  industry.  Hydratropic  aldehyde,  which  is  a  starting  material  for  the  preparation  of  hydratropic  alcohol,  is, 
in  turn,  produced  on  an  industrial  scale  from  acetophenone  and  esters  of  monochloroacetic  acid  through  phenyl- 
glycidic  acid  [5].  The  multistage  nature  and  the  complexity  of  the  methods  described  above  for  the  synthesis 
of  hydratropic  alcohol  limit  the  possibility  of  using  this  valuable  aromatic  principle. 

In  recent  years,  Ziegler  and  co-workers[6]  have  described  in  general  terms  a  scheme  for  the  preparation  of 
primary  alcohols  by  oxidation  of  trialkylaluminums  and  subsequent  hydrolysis  of  the  aluminum  alcoholates.  For 
the  preparation  of  the  trialkylaluminums,  Ziegler  used  .a  reaction,  discovered  by  him,  between  olefins,  aluminum, 
and  hydrogen;  he  has  published  general  information  on  this  reaction  in  a  series  of  articles  [7]. 

It  was  very  tempting  to  use  the  Ziegler  reaction  for  the  preparation  of  hydratropic  alcohol  (I)  according  to 
the  scheme  presented  below. 
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With  synthesis  conditions  giving  good  yields,  this  would  be  the  simplest  method  and  a  technically  practic¬ 
able  one,  since  the  initial  organic  component  is  a -methylstyrene,  which  is  a  product  of  basic  organic  synthesis. 

In  Ziegler's  work  [8]  on  the  interaction  of  olefins,  aluminum,  and  hydrogen,  there  were  indications  of  the 
possibility  of  carrying  out  the  reaction  in  one  stage  or  in  two  with  the  preliminary  formation  of  a  dialkylaluminum 
hydride  and  subsequent  interaction  of  the  latter  with  the  olefin.  We  confirmed  both  of  these  possible  variants. 
Moreover,  it  was  found  that  the  yield  of  hydratropic  alcohol  is  lower  when  the  reaction  is  carried  out  in  a  single 
stage  owing  to  the  formation  of  a  dimer  of  a -methylstyrene.  In  any  case,  apart  from  the  formation  of  the  dimer 
of  a -methylstyrene,  isopropylbenzene  is  formed,  apparently  as  a  result  of  hydrogenation  of  the  a -methylstyrene 
in  the  presence  of  the  heavy  metals  contained  in  the  aluminum,  these  metals  acting  as  hydrogenation  catalysts. 
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The  fact  of  the  formation  of  the  a -methylstyrene  dimer  is  interesting  in  connection  with  the  statement  by 
Ziegler  [6]  that  olefins  having  the  isobutylene  structure  are  incapable  of  polymerizing  in  the  presence  of  trialkyl- 
aluminums.  It  can  be  assumed  that  the  structure  of  the  a -methylstyrene  dimer  obtained  in  this  reaction  corres¬ 
ponds  to  formula  (II)  and  is  different  from  the  dimer  obtained  by  Staudinger  [9]  (III)  in  the  presence  of  stannic 
chloride,  since  in  the  polymerization  of  olefins  by  the  Ziegler  method,  higher  olefins  with  the  double  bond  in 
the  a -position  are  always  formed. 


GUg 

I 
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I  '  I 

GoIIo  G.,IIr, 
(li) 


G.ll.j 

I 
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I  I 
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Apart  from  the  compounds  indicated,  a  small  amount  of  2 -phenyl-1 -pentene  was  formed  during  the  syn¬ 
thesis  of  hydratropic  alcohol;  we  explain  the  formation  of  this  compound  by  the  interaction  of  triethylaluminum 
(used  as  an  activator  for  the  aluminum)  and  a-mediylstyrene  with  subsequent  displacement  of  the  olefin  by  a- 
methylstyrene. 
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When  the  interaction  of  a -methylstyrene,  aluminum,  and  hydrogen  is  carried  out  in  two  stages,  practically 
no  a -methylstyrene  dimer  is  formed;  the  yield  of  hydratropic  alcohol  in  this  case  amounts  to  calculated  on 
the  a -methylstyrene. 


EXPERIMENTAL 

The  a -methylstyrene  was  prepared  by  dehydration  of  dimethylphenylcarbinol  at  atmospheric  pressure  over 
anhydrous  aluminum  oxide  in  the  presence  of  iodine.  The  crude  product  was  washed  with  an  aqueous  solution 
of  sodium  hydroxide,  dried  with  potassium  carbonate,  and  distilled  in  a  column  over  metallic  sodium.  A  product 
was  obtained  with  a  b.p.  of  161%  np^^  1.5325;  the  literature  values  are  161-162*,  np^^  1.5330  [10].  The  finely 
divided  aluminum  (l-5p  particle  size)  was  used  as  a  suspension  in  gasoline  range  hydrocarbons  (b.p.  95-105"). 
Triethylaluminum  (2-5*55)  by  weight  of  the  total  charge)  was  used  to  activate  the  aluminum.  The  hydrogen  used 
in  the  synthesis  was  preliminarily  freed  from  traces  of  oxygen  and  moisture. 

The  experiments  were  carried  out  in  a  1 -liter,  stainless  steel  autoclave  fitted  with  a  stirrer,  a  manometer, 
and  an  electric  heater.  When  the  synthesis  was  carried  out  in  two  stages,  the  suspension  of  aluminum  and  triethyl¬ 
aluminum  (74*5!) solution  in  gasoline-range  hydrocarbons)  was  charged  to  the  autoclave  under  a  stream  of  oxygen- 
free  nitrogen.  Hydrogen  was  then  fed  to  the  autoclave.  The  contents  of  the  autoclave  were  heated  to  80*  with 
the  stirrer  in  operation.  The  heating  was  continued  for  an  hour,  after  which  the  temperature  was  lowered  to  50*, 
and  the  a -methylstyrene  was  charged.  The  reaction  mixture  was  heated  to  140*.  When  this  temperature  was 
reached,  the  pressure  dropped  sharply  (from  80  to  35  atm)  over  a  period  of  several  minutes,  after  which  it  was  re¬ 
stored  to  the  original  value  with  hydrogen.  The  process  was  stopped  when  no  further  pressure  drop  was  observed. 
The  entire  synthesis  required  about  two  hours  counting  the  time  from  after  the  charging  of  the  a -methylstyrene. 

When  the  reaction  was  carried  out  in  a  single  stage,  all  components  were  charged  simultaneously,  after 
whidi  hydrogen  was  charged  to  the  reactor  and  the  stirrer  and  heater  were  switched  on.  In  this  case,  the  pressure 
began  to  drop  when  the  temperature  reached  95*;  the  absorption  of  hydrogen  ceased  at  120-130% 

The  oxidation  was  carried  out  in  a  conical  flask  fitted  with  a  stirrer,  a  thermometer  (submerged  in  the  li¬ 
quid),  a  reflux  condenser,  and  a  tube  extending  almost  to  the  bottom  of  the  flask  for  the  introduction  of  dry  air 
(or  oxygen).  The  process  proceeded  witli  the  evolution  of  heat;  the  temperature  was  maintained  at  not  above  70* 
by  controlling  the  air  feed  rate  and  the  rate  of  stirring.  After  the  temperature  decrease  occurring  during  the 
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feeding  of  air,  the  oxidation  was  completed  with  oxygen;  with  the  introduction  of  the  oxygen,  there  was  first  ob¬ 
served  a  rise  in  temperature  followed  by  a  rapid  decrease  to  room  temperature,  after  which  the  feeding  of  oxygen 
was  continued  for  another  hour.  Since  excess  aluminum  was  introduced  into  the  reaction,  aluminum  was  always 
present  in  the  reaction  mixture  removed  from  the  autoclave;  experiments  showed  that  the  presence  of  aluminum 
had  no  effect  on  the  oxidation  process.* 

The  hydrolysis  was  carried  out  with  10 -15% hydrochloric  acid  while  stirring.  The  order  of  addition  of  the 
reagents  had  no  effect.  If  the  reaction  mixture  contained  aluminum  after  the  oxidation,  a  larger  amount  of  hy¬ 
drochloric  acid  was  required  for  complete  solution.  After  hydrolysis  of  the  reaction  mixture,  the  oil  layer  was 
separated  from  the  lower,  aqueous  layer.  The  latter  was  extracted  with  ether  (2-3  times  with  50-ml  portions). 
The  ether  extracts  were  combined  with  the  oil  layer,  and  the  solution  was  washed  with  a  solution  of  sodium  car¬ 
bonate  or  potassium  carbonate,  dried  with  potassium  carbonate,  and  distilled  in  a  column.  The  results  of  the  ex¬ 
periments  on  the  preparation  of  hydratropic  alcohol  are  presented  below. 

1.  The  single-stage  reaction  of  a -methylstyrene,  aluminum,  and  hydrogen.  300  g  of  a -methylstyrene, 

50  g  of  aluminum,  250  g  of  gasoline -range  hydrocarbons,  and  25  g  of  74%  triethylaluminum  were  charged  to  the 
autoclave.  The  initial  hydrogen  pressure  was  50  atm.  The  pressure  began  to  drop  when  a  temperature  of  95‘ 

(85  atm)  was  reached,  and  it  continued  to  drop  over  a  period  of  three  hours  (highest  temperature  was  130*).  515  g 
of  reaction  mixture  was  used  in  the  oxidation.  After  hydrolysis  of  the  oxidation  product  and  distillation  of  the 
solvents  (ether  and  gasoline  hydrocarbons),  the  mixture  was  vacuum  distilled.  Four  fractions  were  obtained. 

The  first  fraction  (88  g)  was  isopropylbenzene. 

B.p.  29-30*  at  8  mm,  n^^®  1.4928.  Literature  data:  b.p.  26.8“  at  5  mm  [11],  n^*®  1.4930  [12]. 

The  second  fraction  was  2 -phenyl -1-pentene  (12  g). 

B.p.  40-50*  at  5  mm,  1.5054,  d4“  0.8684,  MRp  49.96;  calc.  48.92;  bromine  number  106.2;  calc.  109.3. 

The  third  fraction  was  hydratropic  alcohol  (93  g;  33%  yield  calculated  on  the  a -methylstyrene). 

B.p.  85“  at  3  mm,  np^®  1.5225,  d4^®  1.00,  MRp  41.60;  calc.  41.68.  According  to  literature  [1]:  b.p.  114* 
at  14  mm.  n^  1.5262,  d  1.01. 

Found  %  C  79.17;  H  9.40.  CgHjjO-  Calculated  %c  C  79.36;  H  8.88. 

The  phenylnret-han  of  the  hydratropic  alcohol  had  an  m.p.  of  54-56*. 

Found ‘fe  C  75.01;  H  6.69;  N  5.75.  C^HnOgN.  Calculated .%  C  75.28;  H  6.69;  N  5.48. 

The  fourth  fraction  was  a  dimer  of  a -methylstyrene  (47  g). 

B.p.  170-175"  at  8  mm,  n^^®  1.5636,  d4“  0.9850,  MR^  77.96;  calc.  77.65  (for  4-methyl-2,4-diphenyl-l- 
pentene,  II).**  Bromine  number  65.1;  calc.  67.6. 

According  to  [13]:  for  the  dimer  of  a -methylstyrene,  b.p.  166-167*  at  10  mm,  d4^  0.9850,  n^^  1.5636. 

Found  %  C  89.67;  H  8.52.  CjaHao-  Calculated  %c  C  91.50;  H  8.55. 

2.  The  two-stage  reaction  of  g -methylstyrene,  aluminum,  and  hydrogen  was  carried  out  as  indicated  above. 
50  g  of  aluminum  in  250  g  of  gasoline -range  hydrocarbons  and  5  ml  of  74%  triethylaluminum  were  used  in  the 
reaction.  154  g  of  a-methylstyrene  was  added  at  the  end  of  the  first  stage  of  the  reaction.  When  a  temperature 
of  140*  was  reached,  the  pressure  dropped  to  35  atm  over  a  period  of  one  hour  and  fifteen  minutes.  400  g  of  re¬ 
action  mixture  was  discharged  from  the  autoclave.  After  the  oxidation  and  hydrolysis,  the  reaction  products  were 
distilled.  Fractions  identified  as  in  the  preceding  case  were  obtained.  The  yield  of  hydratropic  alcohol  by  this 
method  was  55% calculated  on  a-methylstyrene. 


•When  required,  the  aluminum  could  be  filtered  in  a  stream  of  dry,  oxygen-free  nitrogen.  The  unreacted  alu¬ 
minum  could  be  used  in  a  subsequent  synthesis. 

••For  the  a-methylstyrene  dimer  prepared  by  Staudinger  [9],  namely,  2-methyl-2,4-diphenyl-3-pentene  (III): 
b.p.  118-120*  at  0.1  mm.  d4^®  1.0038,  n^^®  1.5633,  MR^  76.29;  calc.  77.65. 
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SUMMARY 


1.  The  synthesis  of  hydra  tropic  alcohol  from  a -methylstyrene  through  organoaluminum  compounds  was 
carried  out  with  a  yield  of  55*7a  The  simplicity  of  the  preparation  of  the  alcohol  from  available  starting  ma¬ 
terials  makes  this  method  the  simplest  for  industrial  use. 

2.  The  composition  of  the  by-products  formed  during  the  synthesis  of  hydratropic  alcohol  was  investigated: 
an  explanation  of  die  mechanism  of  their  formation  was  given. 
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ELECTROSYNTHESIS  OF  NICOTINIC  ACID 


V.G.  Khomiakov,  S.S.  Kruglikov  and  V.M.  Berezovskii 


There  has  appeared  in  the  literature  only  a  very  small  amount  of  work  devoted  to  the  electrolytic  oxida¬ 
tion  of  fl  -picoline  to  nicotinic  acid  and  of  quinoline  to  quinolinic  acid  (the  latter  is  readily  decarboxylated  to 
nicotinic  acid).  Thus,  an  attempt  to  oxidize  electrolytically  a-,  and  y-picolines  to  the  corresponding  alde¬ 
hydes  resulted  in  low  yields  [1],  The  electrolytic  oxidation  of  6 -picoline  in  30*70  sulfuric  acid  to  nicotinic  acid 
and  of  quinoline  in  75 -80*70  sulfuric  acid  to  quinolinic  acid  has  been  accomplished  [2].  According  to  other  data 
[3],  the  oxidation  of  quinoline  should  be  carried  out  in  40*^sulfiuic  acid.  Attempts  at  the  electrosynthesis  of 
nicotinic  acid  from  nicotine  [4],  anabasine  [5,  6],  and  N-methylanabasine  [5]  have  been  described. 

An  electrochemical  method  for  the  preparation  of  nicotinic  and  quinolinic  acids  is  of  great  interest,  since 
it  does  not  involve  the  use  of  oxidizing  agents  and  catalysts.  However,  the  data  available  in  the  literature  are 
Insufficient  for  practical  use  of  this  method. 

In  the  present  work  on  the  electrolytic  oxidation  of  fl  -picoline,  we  studied  the  effect  of  the  quantity  of 
electricity  passed  through  the  electrolyte,  the  current  density,  the  temperature,  the  addition  of  Mn'*"*'  and  Cr 
and  the  concentration  of  fl -picoline  and  of  sulfuric  acid  on  the  yield  (B)  of  nicotinic  acid  and  on  the  current  ef¬ 
ficiency  (A).  The  effect  of  the  electrolysis  conditions  on  the  rate  of  oxidation  of  B-picoUne  and  nicotinic  acid 
was  also  studied. 

In  addition,  the  effect  of  the  concentration  of  sulfuric  acid  and  of  quinoline  on  the  yield  of  nicotinic  acid 
in  the  electrolytic  oxidation  of  quinoline  was  studied. 

EXPERIMENTAL 

Method.  The  following  method  was  used  for  the  preparation  of  pure  fl -picoline.  The  nonbasic  impurities 
were  steam-distilled  from  a  picoline  fraction  (b.p.  138-144")  acidified  with  sulfuric  acid.  The  free  bases  were 
made  alkaline,  and  the  fl -picoline  was  then  separated  in  the  form  of  the  difficultly  soluble  salt  CuSQ^*  SHjO- 
2C#H7N  [7].  fl -Picoline  of  98-99.5*7)  purity  was  obtained  by  threefold  recrystalUzation  by  cooling;  the  purity 
was  determined  by  the  freezing  point  method  [8]. 

The  experiments  on  the  electrosynthesis  of  nicotinic  acid  were  mainly  carried  out  using  a  lead  anode  in 
sulfuric  acid  solution.  It  was  also  possible  to  use  a  platinum  anode  with  the  same  solution,  but  the  yield  of  nico¬ 
tinic  acid  was  somewhat  less.  Magnetite  and  graphite  anodes  in  acid  medium  and  also  platinum,  iron,  and  nickel 
anodes  in  alkaline  medium  were  inactive. 

The  electrolytic  cell  was  an  0.5 -liter  beaker  130  mm  in  diameter  and  75  mm  high,  inside  of  which  was 
placed  a  ceramic  diaphragm  58  mm  in  diameter  and  145  m_m  high  and  impregnated  with  water  glass  to  decrease 
the  permeability  [9].  A  cylindrical  anode  (2  sq.  dm.  surface  area),  prepared  from  sheet  lead,  surrounded  the  dia¬ 
phragm.  The  volume  of  anolyte  was  ~50  ml.  The  volumetric  current  density  in  the  anolyte  varied  up  to  1000 
ampAiter.  The  lead  cathode  (1  sq.  dm.  surface  area)  was  inside  the  diaphragm  in  the  beaker.  The  catholyte 
was  10-20*7)  sulfuric  acid.  The  cell  was  placed  in  a  thermostatted  bath.  At  the  conclusion  of  an  experiment,  the 
anolyte  was  filtered  free  from  slime,  neutralized  with  sodium  carbonate,  then  acidified  with  acetic  acid  to  a  pH 
of  4-4.5,  and  heated  on  a  boiling-water  bath.  Copper  sulfate  or  acetate  was  added  to  the  hot  solution,  and  the 
heating  was  continued  for  an  additional  several  hours.  The  resulting  precipitate  of  copper  nicotinate  was  deter¬ 
mined  gravimetrically.  The  yield  of  nicotinic  acid  was  calculated  from  the  amount  of  copper  nicotinate  and  was 
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based  on  the  weight  of  the  original  B-pi^oline.  In  order  to  isolate  the  nicotinic  acid,  the  copper  salt  was  treated 
with  a  solution  of  sodium  sulfide,  the  copper  sulfide  was  filtered,  and  the  free  nicotinic  acid  was  precipitated 
(pH  3.3)  by  acidification  of  the  filtrate  with  hydrochloric  acid.  Loss  during  the  separation  was  ~10% 

Oxidation  of  quinoline  and  separation  of  the  quinolinic  acid  as  the  copper  salt  were  carried  out  similarly. 
In  the  experiments  on  the  oxidation  of  quinoline,  the  amount  of  electricity  passed  was  28  F/mole  of  the  initial 
material,  i.e.,  155%  of  that  calculated  from  the  reaction 


CflllvN  1-  9[OI->C5H.^N(GOOM)2  +  2GO,.4-  IlgO 

Electrolytic  oxidation  of  fl  -picoline.  The  effect  of  the  quantity  of  electricity  passed  through  the  electro¬ 
lyte  (Q*)  on  the  current  efficiency  (Curve  1)  and  on  tfie  yield  (Curve  2)  is  shown  in  Fig,  1.  The  experiments 
were  carried  out  under  the  following  conditions:  temperature,  40*;  anode  current  density,  10  amp/dm*;  anolyte, 
1  M  solution  of  0 -picoline  in  7  N  sulfuric  acid. 

The  low  current  efficiency  observed  at  the  beginning  of  the  electrolysis  (Fig.  1)  indicates  the  formation  of 
intermediate  products  of  the  oxidation  of  5 -picoline,  apparently  pyridine-3 -carboxaldehyde,  which  is  in  agree¬ 
ment  with  the  literature  [1].  The  maximum  yield  of  nicotinic  acid  {b2-bA%  was  obtained  when  150 -200% of 
the  dieoretical  amount  of  electricity  had  been  charged.  When  Q  exceeded  200%  practically  no  6  -picoline  re¬ 
mained  in  the  anolyte. 

As  follows  from  the  graphs  of  the  data,  the  nicotinic  acid  formed  as  a  result  of  oxidation  of  0 -picoline  is 
rather  easily  oxidized  further.  However,  the  oxidation  of  0  -picoline  proceeds  at  a  considerably  greater  rate, 
owing  to  vdiich  it  is  possible  to  obtain  nicotinic  acid  in  rather  high  yield.  Specially  conducted  experiments  on 
the  electrolytic  oxidation  of  nicotinic  acid  (Table  1)  permit  a  comparison  of  the  over-all  current  efficiencic^s 
during  the  electrolytic  oxidation  of  0 -picoline  and  nicotinic  acid. 


Fig.  1.  Variation  in  yield  of  nicotinic  acid  with 
quantity  of  electricity  passed;  1)  current  efficiency; 
2)  yield. 


The  over- all  current  efficiency  for  all  oxidation  products  was  determined  from  the  volume  of  oxygen 
evolved  during  electrolysis  of  a  sulfuric  acid  solution  of  0  -picoline  or  nicotinic  acid  (Vi)  as  compared  to  the 
volume  of  oxygen  evolved  in  the  same  time  from  a  solution  of  pure  sulfuric  acid  of  the  same  concentration  (V2). 
The  fraction  of  the  current  consumed  in  the  oxidation  of  the  organic  substances  is: 


A  0  of  100%  corresponds  to  the  theoretical  amount  (6  F/mole). 


TABLE  1 


Concentration 
of  0-picoline 
or  nicotinic 
acid  (M) 

Over-all  current  efficiency 
for  all  oxidation  products 
(in  %  during  oxidation  of 

S  -picoline 

nicotinic 

acid 

0.01 

15 

0 

0.1 

62 

11 

1.0 

94 

43 

Note;  Experimental  conditions:  temperature, 
40";  current  density,  5  amp/dm^;  sulfuric  acid 
concentration,  7.5  N. 


In  a  study  of  the  effect  of  anolyte  temperature,  it  was  found  that  the  maximum  yield  is  obtained  at  30-40* 
(Table  2).  The  decrease  in  the  yield  of  nicotinic  acid  with  an  increase  in  temperature  above  40*  is  apparently 
due  to  acceleration  of  the  side  reactions,  since  the  overfall  rate  of  all  oxidation  processes  was  almost  unchanged 
with  the  increase  in  temperature. 


TABLE  2 


Q  (in  %) 

Yield  (in  %)  at 

an  anolyte  temperature  of 

20* 

30* 

60^ 

80* 

50 

15 

- 

21.5 

- 

- 

100 

39 

- 

41 

38 

36 

150 

45 

53 

54 

42 

37 

200 

48 

54 

54 

47 

35 

250 

44 

48 

46 

- 

Note;  Experimental  conditions:  current  density,  5  amp 
per  dm*;  sulfuric  acid  concentration,  3.5  N;  6-picoline 
concentration,  1  M. 


A  change  in  the  anode  current  density  within  the  limits  of  1-10  amp/dm*  had  little  effect  on  the  yield  of 
nicotinic  acid  (Table  3).  Nor  did  the  introduction  of  small  amounts  of  Mn''"*'  and  Cr’*’’'"*’  have  an  appreciable  ef¬ 
fect  (under  the  experimental  conditions  of  Table  3  at  a  current  density  of  5  amp/dm*). 


TABLE  3 


Q  (in%) 

Yield  (in  %)  at  an  anode  current  den¬ 
sity  of  (in  am  p/dm*) 

1 

3 

5 

10 

50 

25 

23 

21.5 

18 

100 

47 

43 

41 

42 

150 

56 

56 

54 

55 

200 

51 

50 

54 

53 

250 

45 

48 

46 

48 

Note:  Experimental  conditions:  temperature,  40*; 
fl-picoline  concentration,  1  M;  sulfuric  acid  concen¬ 
tration,  7  N. 


A  change  in  the  acidity  of  the  anolyte  within  the  limits  of  11  to  17  N  had  almost  no  effect  on  the  yield 
(Fig.  2).  An  increase  in  the  initial  concentration  of  sulfuric  acid  to  25  N  led  to  a  decrease  in  the  yield  to  32-34% 
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0  10  IQ 

HjSO^  concentration  (in  N) 

Fig.  2.  Variation  in  the  yield  of  nico¬ 
tinic  acid  with  concentration  of  sulfu¬ 
ric  acid  in  the  anolyte.  (Concentra¬ 
tion  of  fl  -picoline,  1  M;  temperature, 
40*;  current  density,  5  amp/dm*.) 
Values  of  Q  (in  1)  100;  2)  200;  3) 
150. 


as  a  result  of  considerable  corrosion  of  the  anode  during  the  elec¬ 
trolysis. 

An  increase  in  the  acidity  of  the  anolyte  during  electrolysis 
owing  to  the  passage  of  electricity  was  proportional  to  the  quantity 
of  electricity  passed:  therefore,  during  the  study  of  the  effect  of 
the  concentration  of  fl -picoline,  the  initial  concentration  of  sul¬ 
furic  acid  was  chosen  so  that  the  average  acidity  during  the  elec¬ 
trolysis  was  approximately  the  same  in  all  experiments  and  re¬ 
mained  within  the  limits  corresponding  to  maximum  yield  of  nico¬ 
tinic  acid  (Table  4). 

From  the  data  presented,  it  follows  that  the  electrolytic  oxi¬ 
dation  of  6 -picoline  to  nicotinic  acid  can  be  successfully  carried 
out  under  a  wide  range  of  electrolysis  conditions,  the  yield  of  nico¬ 
tinic  acid  reaching  65% at  a  current  efficiency  of  43%under  the 
same  conditions.  When  the  process  is  carried  out  on  a  larger  scale, 
it  is  possible  that  it  will  be  more  expedient  to  produce  nicotinic 
acid  at  maximum  current  efficiency  passing  100% of  the 

theoretical  amount  of  electricity  rather  than  150-200%  and  to  ex¬ 
tract  the  unoxidized  0 -picoline  from  the  solution  after  electrolysis. 


TABLE  4 


Q(in% 


0 -picoline, 
1  M 


Yield  of  nicotinic  acid  (in  %)  at  concentrations  of 


sulfuric  acid,  0 -picoline,  sulfuric  acid,  0 -picoline,  sulfuric  acid, 
17  N  1.7  M  15.5  N  3.5  M  13  N 


Electrolytic  oxidation  of  quinoline.  During  the  oxidation  of  quinoline,  a  change  in  the  anode  current  den¬ 
sity  from  1  to  4  amp/dm^  had  no  substantial  effect  on  the  yield  of  quinolinic  acid.  Electrolysis  at  higher  current 
densities  led  to  a  significant  increase  in  the  volume  of  the  anolyte  owing  to  considerable  gas  formation.  In  ex¬ 
periments  carried  out  at  room  temperature,  the  solution  contained  a  considerable  amount  of  tar  after  the  elec¬ 
trolysis;  it  was  not  possible  to  separate  the  quinolinic  acid.  Better  results  (yields  up  to  60*5^)  were  obtained  at  an 
anolyte  temperature  of  78-80”.  A  further  increase  in  the  temperature  led  to  a  decrease  in  the  yield.  The  elec¬ 
trolytic  oxidation  of  quinoline  to  quinolinic  acid  proceeds  not  only  in  65-75‘7cv  but  also  in  40 -50*70  sulfuric  acid 
(Table  5),  although,  according  to  the  data  of  M.  Kulka  [2],  quinolinic  acid  is  not  formed  in  solutions  with  a  sul¬ 
furic  acid  concentration  of  50*7oor  less. 

During  tlie  study  of  the  effect  of  quinoline  concentration  on  the  yield  of  quinolinic  acid,  it  was  found  that 
the  optimum  concentration  is  100-140  g/Uter  (Table  6);  this  is  approximately  one-third  the  concentration  recom¬ 
mended  in  [2]. 

An  advantage  of  the  oxidation  of  quinoline  in  40 -50*70  sulfuric  acid,  with  a  quinolinic  acid  yield  of  40-50*7> 
and  a  current  efficiency  of  20-25‘7<i  is  the  considerably  less  anode  corrosion  under  these  conditions.  Concentrated 
solutions  of  quinoline  foam  strongly  during  electrolysis. 

SUMMARY 

1.  The  electrolytic  oxidation  of  6-picoline  to  picoUnic  acid  was  investigated  with  respect  to  the  effect  of 
solution  composition  and  electrolysis  conditions. 

2.  It  was  established  that  nicotinic  acid  can  be  obtained  at  a  maximum  current  efficiency  of  55*7;  the 
maximum  yield  was  65 ‘7a 

3.  It  was  found  that  nicotinic  acid  is  oxidized  electrolytically,  but  with  greater  difficulty  than  fl-picoline. 

4.  It  was  shown  that  it  is  possible  to  oxidize  quinoline  electrolytically  to  quinolinic  acid  at  a  lead  anode 
with  a  yield  of  up  to  60‘7a 

5.  The  electrochemical  method  for  the  preparation  of  nicotinic  and  quinolinic  acids  can  be  recommended 
for  practical  use. 
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DISCUSSION  SERIES 

CONJUGATION  IN.AND  THE  DUAL  REACTIVITY  OF, BUTADIENE 

M.I.  Batuev 


1.  In  one  widely  accepted  chemical  theory,  the  dual  reactivity  of  tt  -conjugated  systems  is  explained  by  a 
mesomeric  structure  of  these  molecules  both  in  their  natural  state  and  in  the  form  of  carbonium  ions  formed  dur¬ 
ing  the  course  of  the  reaction.  According  to  this  theory,  the  1,3 -butadiene  molecule,  owing  to  the  mesomeric 
effect  (in  other  terms  -  the  effect  of  static  conjugation),  cannot  be  represented  by  the  usual  classical  structural 
formula  with  alternating  double  and  single  bonds  (I)  but  only  by  formulas  of  the  type  of  (II),  (III),  and  (IV). 

,  CH2-CH=CH-CH2 — ^  CH2=  CH-CH=CH2  ,  C=?^C  =  C  ,  C-C-C-C 
(I)  (H)  (HI)  (IV) 

Formulas  (II -IV)  express  the  assumption  of  the  equalization  of  the  bonds  in  1,3 -butadiene,  both  with  re¬ 
spect  to  the  distribution  of  tt -electron  density  [1]  and  with  respect  to  the  ratios  of  bond  lengths  [2].  According 
to  this  theory,  it  is  precisely  this  mesomeric  structure  of  1,3-butadiene  which  leads  to  a  concentration  of  the 
electron  density  at  the  1  and  4  atoms,  and  thereby  creates  conditions  favorable  for  the  approach  of  an  electro¬ 
philic  reagent  to  these  atoms;  the  resulting  mesomeric  carbonium  ion  also  has  a  mesomeric  structure  (V-VII)  ~ 
its  positive  charge  "is  not  localized  at  the  second  carbon  atom"  [3],  but  is  distributed  along  the  bonds 

I  +  I  I  11+  I  I  g+  Zr 

xc-c-c=c  — —  xc-c=c-r  ,  xc-c-^c=c  ,  xc— c-c=c-- 

I  I  I  I  I  I  I  I  till  I  I  I  I 

(V)  (VI)  (VII) 

Owing  to  this,  in  the  second  stage  of  the  reaction,  the  anion  of  the  reagent  "can  attack  both  the  second 
and  the  fourth  carbon  atoms"  [3],  thereby  exhibiting  the  dual  reactivity  of  such  compounds  [4-6]. 

2.  As  confirmation  by  direct  physical  experiment,  the  authors  of  this  theory  attempted  to  assemble  the  ex¬ 
perimental  data  on  interatomic  distances  through  a  comparison  of  the  lengths  of  double  and  single  bonds  in  tt  - 
conjugated  systems,  on  the  one  hand,  and  in  ethylene  and  ethane  as  standards,  on  the  other";  they  attempted  to 
establish  an  equality  of  the  lengths  of  the  bonds  in  n  -conjugated  systems  and  to  establish  thereby  their  mesomeric 
stracture  [7].  However,  a  more  detailed  consideration  of  the  experimental  material  shows  the  complete  incom¬ 
petence  of  such  an  illustration.  Actually,  it  is  an  undoubted  experimental  fact  that  the  interatomic  distance  of 
the  single  C— C  bond  in  1,3-butadiene  (1.46±0.03  A  [8])  is  shortened  in  comparison  with  the  C-C  bond  in  ethane 
(1.55d:0.03  A  [9]).  The  difference  in  the  available  results  of  experimental  measurements  of  the  interatomic  dis¬ 
tance  in  die  C=C  bonds  in  1,3-butadiene  (1.35db0.02  A  [3])  and  ediylene  (1.353dk0.001  A  [10],  1.34±0.02  A  [9], 
1.33  A  [10])  lies  within  the  limits  of  experimental  error,  and,  in  any  case,  does  not  permit  the  conclusion  as  to 
the  lengthening  of  die  double  bonds  in  1,3-butadiene."*  Electron  diffraction  measurements  of  the  lengths  of  the 


"See  [1],  p.  38. 

**We  note  that  in  another  paper  [11],  the  author  of  [2],  cited  above,  was  himself  forced  to  state  that,  according 
to  die  available  measurements,  lengthening  of  the  double  bonds  in  1,3 -butadiene  as  compared  to  ethylene  "lies 
within  the  limits  of  experimental  error,  and,  therefore,  it  is  impossible  to  base  on  them  any  substantial  conclu¬ 
sions  as  to  the  structure  of  conjugated  systems." 
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C^c  bonds  in  diacetylene  (HC=C-C^H  1.19±0.03  A  [12]),  dlmethyldiacetylene  (H8CCsC-C^CH3  1.20± 

±0.02  A  [12]),  diphenyldiacetylene  (HsCg-CsC— C^c— CjHs  1.18  A  [11]),  and  other  acetylenes  indicate, rather, 
the  shortening  of  these  bonds  as  compared  to  the  length  of  the  C^c  bond  in  acetylene  (1.205±  0.008  A),  but  in 
any  case,  they  do  not  indicate  lengthening  of  these  bonds.  The  x-ray  data  available  at  the  present  time  on  the 
lengths  of  multiple  bonds  in  tt  -conjugated  systems  also  indicate  no  lengthening  of  these  bonds.  Thus,  in  one  of 
the  monograph  collections  on  x-ray  analysis  of  organic  compounds,  it  is  stated  that  the  length  of  the  bond 
in  tolane  is  1.19  A,  and  in  stllbene  the  length  of  the  bond  is  1.33  A,  that  is,  "not  lengthened,  which  is  in 

As  we  have  shown  in  previous  work  [14-16],  at  the  present  time  opinions  as  to  the  changes  in  lengths  of 
characteristic  bonds  can  be  formed  with  greater  accuracy  from  their  vibrational  frequencies  than  from  measure¬ 
ments  of  their  lengths.  In  fact,  an  increase  in  the  interatomic  distance  of  a  characteristic  bond  correlates  strictly 
with  the  decrease  in  the  vibrational  frequency  and  the  decrease  in  bond  energy,  while  an  increase  in  vibrational 
frequency  and  bond  energy  correlate  with  a  decrease  in  bond  length.  At  the  present-day  level  of  measuring 
techniques,  the  measurement  of  the  vibrational  frequency  of  bonds  in  molecules  is  carried  out  with  enormously 
greater  accuracy  and  ease  than  the  measurement  of  the  other  two  parameters  mentioned  above.  This  is  especially 
important  for  C=C  and  C=C  bonds,  since  in  these  bonds  (especially  in  the  latter)  the  carbon  atoms  are  already 
very  close  together,  and  their  further  approach  is  hindered  by  forces  of  repulsion  which  increase  strongly  at  short 
distances.  As  a  result,  the  curves  of  the  vibrational  frequencies  of  C=C  and  bonds  rise  sharply  with  an  in¬ 
crease  in  interatomic  distance;  i.e.,  the  significant  increase  in  the  vibrational  frequencies  of  these  bonds  (espe¬ 
cially  the  C^C  bond),  which  is  readily  established  experimentally,  corresponds  to  a  quite  insignificant  reduction 
in  interatomic  distance,  the  direct  measurement  of  which  at  the  present-day  level  of  technique  of  the  appropriate 
measurements  becomes  lost  in  the  limits  of  experimental  error. 

The  presence  in  1,3-butadiene  and  diacetylene  of  two  multiple  bonds  leads  to  a  splitting  of  their  vibra¬ 
tional  frequencies  into  two  frequencies  (mechanical  effect  of  splitting  of  the  frequency  of  coupled  vibrations), 
one  of  which  (the  symmetric  vibration)  appears  in  Raman  spectra  and  the  other  of  which  (the  antisymmetric  vi¬ 
bration)  appears  in  infrared  spectra.  Let  us  turn  first  to  data  from  Raman  spectroscopy. 

In  conformity  with  the  above,  dau  from  the  Raman  spectrum  of  1,3 -butadiene  indicate  a  shortening  of  the 
C=C  interatomic  distance  in  comparison  with  ethylene;  the  characteristic  frequency  of  the  symmetric  vibration 
of  the  C=C  bcMids  in  1,3-butadiene  (1638  cm~V  is  substantially  hi^er  than  the  vibrational  frequency  of  the 
C=C  bond  in  ethylene  (1621  cm'^)**;  this  increase  lies  outside  the  limits  of  experimental  error. 

1,3 -Butadiene  can  be  considered  as  a  mono -substituted  ethylene.  Among  the  possible  substituents,  there 
are  those  (the  chlorine  atom,  etc.)  which  decrease  the  vibrational  frequency  of  the  double  bond  in  ethylene,  si¬ 
multaneously  increasing  the  interatomic  distance;  others  (the  methyl  group,  ethyl  group,  etc.)  increase  the  vibra¬ 
tional  frequency  of  the  double  bond  in  ethylene,  simultaneously  shortening  the  interatomic  distance.  From  the 
frequency  of  the  symmetric  vibration  of  the  double  bond,  1,3-butadiene  belongs  to  the  second  group  of  mono- 
substituted  eihylenes; 


rA  (C=C) 

Aycm-^  (C=C)  [17] 

Ethylene  . 

.  1.353  [9] 

1621, 

Vinylchloride .  .  .  . 

.  1.380  [18] 

1601, 

Methylethylene.  .  . 

.  — 

1648, 

Ethylethylene .  .  .  . 

.  — 

1639, 

1,3 -Butadiene.  .  .  . 

.  1.350  [8] 

1638. 

complete  agreement  with  the  situation  found  in  other  conjugated  systems"  [13]. 


To  still  a  greater  degree  than  in  1,3 -butadiene,  this  same  thing  appears  in  diacetylene.  Along  with  a 
sharp  decrease  in  the  length  of  the  single  C— C  bond  (1.36±0.03  A)  [12],  the  interatomic  distance  of  the 

•The  Raman  spectrum  of  1,3 -butadiene,  which  exists  predominately  in  the  trans-form,  was  taken  in  solution  in 
cyclohexane  with  a  domestic  ISP-51  spectrograph  with  a  standard  camera  using  the  excited  line  from  a  mercury 
lamp  at  4358  A;  Ay  (cm'^);  515  (4),  891  (1),  905  (1).  1014  (1),  1201  (4),  1309  (2),  1431  (4),  1638  (10),  3003  (6), 
3087  (1). 

••Liquid  ethylene. 
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bond  is  also  certainly  shortened,  as  indicated  by  the  very  significant  increase  in  the  frequency  of  the  symmetric 
vibration  of  these  bonds  as  compared  to  the  frequency  of  in  acetylene  (by  218  cm"^’). 

If  diacetylene  is  considered  as  a  substituted  acetylene,  witliout  any  doubt  it  does  not  belong  to  that  group 
of  these  compounds  in  which  the  substituent  decreases  the  vibrational  frequency  and  increases  the  interatomic 
distance  of  the  C^C  bond  (chlorine  in  chloroacetylene),  but,  on  the  contrary,  it  belongs  to  that  group  in  which 
the  substituent  increases  the  vibrational  frequency  and  shortens  the  interatomic  distance,  the  effect  being  greater 
than  that  caused  by  the  methyl  group  in  methylacetylene: 

rA  (CsC)  Ay  cm"*  (C=C)  [17] 


Acetylene .  1.205  [10]  1965, 

Chloroacetylene .  1.210  [18]  —  , 

Methylacetylene .  1.200  [19]  2125, 

Diacetylene .  1.190  [12]  2183. 


Thus,  in  the  tt  -conjugated  systems  under  consideration,  in  the  symmetrical  vibrational  states  of  the  mul¬ 
tiple  bonds  there  is  a  shortening  of  the  interatomic  distances.  Conjugation,  in  this  case,  leads  to  a  contraction 
of  the  molecular  skeleton  owing  to  the  decrease  in  the  lengths  of  both  the  single  and  the  multiple  bonds. 

The  frequency  of  the  nonsymmetric  vitiation  of  the  C^  bond  in  diacetylene,  which  appears  in  the  infra¬ 
red  spectrum  (2085  cm"*)  [17],  aLso  considerably  exceeds  the  frequency  of  the  C^  vibration  in  acetylene;  the 
frequency  of  the  nonsymmetric  vibration  of  the  C=C  bonds  in  1,3-butadiene  is  somewhat  lower  (1603  cm"*  [20]) 
than  in  ethylene.  The  average  of  the  multiple-bond  frequencies  for  the  two  vibrational  states  (symmetric  and 
antisymmetric  -2134  cm"*)  indicates  that  in  diacetylene  the  averaged,  with  respect  to  vibrational  state,  mul¬ 
tiple  bond*  is  shortened  in  comparison  with  the  C^C  bond  in  acetylene;  in  1,3-butadiene  (1620  cm"*),  the  av¬ 
eraged  multiple  bond  is  on  a  par  with  ethylene,  and,  in  no  case,  is  it  lengthened  in  comparison  with  the  double 
bond  in  ethylene. 

We  may  point  out  that,  together  with  A.D.  Matveeva,  we  have  investigated  the  Raman  spectrum  of  hexa- 
dilorobutadiene,  and  in  this  spectrum  there  appear  both  symmetric  (1611  cm"*)  and  antisymmetric  (1566  cm"*) 
vibrations  for  the  multiple  bonds.  The  averaged  frequency  of  these  vibrations  (1589  cm"*)  substantially  exceeds 
the  frequency  of  the  vibration  of  the  double  bond  in  tetrachloroethylene  (1571  cm"*);  i.e.,  in  this  compound  the 
averaged  length  of  the  multiple  bond  is  shorter  than  the  ethylenic  bond  in  tetrachloroethylene. 

In  previous  work  [14-16],  we  showed  that  an  accurate  optical  experiment  decisively  refutes  the  hypotheti¬ 
cal  mesomeric-resonance  theory  with  respect  to  certain  mutual  effects  of  the  atoms  in  molecules,  hyperconjuga¬ 
tion  of  the  first  and  second  orders  (o,Tr  -  and  a,a-coujugation),  nor  are  the  electronic  shifts  proposed  by  this  theory 
in  any  way  real.  As  seen  from  the  material  presented  above,  an  accurate  optical  experiment  also  refutes  the  hy¬ 
pothetical  mesomeric-resonance  theory  of  conjugation  (the  mesomeric  effect  or  effect  of  static  conjugation, 

TT, IT -conjugation),  showing  that  the  electronic  shifts  proposed  by  this  theory,  which  lead  to  mesomeric  equaliza¬ 
tion  of  the  bond  lengths  (including  a  lengthening  of  the  multiple  bonds)  and,  in  addition,  to  an  equalization  of 
the  electron  densities  of  the  bonds,  are  not  real.** 

*  These  averaged  bond  lengths  are  measured  in  x-ray  and  other  investigations, 

**In  this  theory,  equalization  of  the  electron  density  along  the  bonds  is  explained  by  geometrical  considerations 
and  certain  mathematical  operations,  and,  as  emphasized  by  the  authors  themselves,  this  explanation  is  rough, 
qualitative,  and  very  simplified,  and,  moreover,  it  is  devoid  of  physical  meaning  [21].  More  precisely,  the  theory 
maintains  that  in  a  conjugated  system  of  ir -bonds,  the  dumbbell  ("figure-eight"  type)  of  "p-orbital  of  the  central 
Cj  atom  overlaps  to  an  equal  degree  the  p-orbitals  of  each  of  the  neighboring  atoms"  [22],  which  is  also  presumed 
to  lead  to  equalization  of  the  electron  density  along  the  bonds  (for  an  illustration  of  the  overlapping  of  p-orbitals, 
see  [22]).  The  very  history  of  the  emergence,  without  basis,  of  these  "dumbbells"  ("figure-eights")  in  the  pres¬ 
ently  considered  theory  indicates  the  incompetence  of  the  concepts  of  this  nature  of  the  Copenhagen  school  of 
quantum  mechanics  in  theoretical  chemistry.  As  is  well  known,  the  "figure -eight"  appeared  as  a  graphical  re¬ 
presentation  of  the  results  of  simplified  evaluations  of  only  the  second  of  three  terms  in  the  expression  for  the 
probability  of  finding  die  single  valence  electron  of  hydrogen  and  hydrogen -like  atoms  in  the  p-state  in  the  vi¬ 
cinity  of  the  nucleus  •  l/?w/]*);  this  term  characterizes  the  indicated  probability  in 

(Footnote  continued  on  next  page) 


3.  Contraction  of  molecules  with  conjugated  bonds  occurs  owing  to  interaction  of  pairs  of  n  -electrons 
(through  interaction  of  their  electromagnetic  and  other  fields)  localized  in  the  1,2-,  3,4-  and  other  bonds.  Two 
facts  indicate  the  presence  of  this  interaction  and  its  distribution  along  the  entire  system  of  conjugated  bonds; 

1)  a  shift  in  the  ultraviolet  absorption  bands  toward  longer  wavelengths  with  an  increase  in  the  units  in  the  poly- 
methylene  chain,  the  large  number  of  interacting  tt  -electrons  involved  in  the  transition  from  ethylene  to  a  poly¬ 
methylene  chain  (ethylene  -  193,  1,3-butadiene  -217,  hexatriene  -258,  and  octatriene  -286  mp  [25])  having 
an  effect  on  this  shift;  2)  the  lack  of  free  rotation  around  the  C— C  single  bond.  One  of  the  clearest  proofs  of 
the  fact  that  contraction  of  a  conjugated  molecular  system  occurs  through  the  direct  interaction  of  pairs  of  ir  - 
electrons  localized  in  1,2-,  3,4-,  etc.  bonds  is  the  structure  of  diacetylene.  The  contraction  in  diacetylene  of 
the  C— C  distance  to  the  interatomic  distance  in  G=C  double  bonds  (1.36  A  [12])  is  not  accompanied  by  the  ap¬ 
pearance  of  a  vibrational  frequency  in  the  region  characteristic  for  it,  since  possession  of  another  pair  of  elec¬ 
trons  at  the  2,3-atoms  is  required  for  the  appearance  of  this  frequency  (i.e.,  an  additional  force  interaction). 

This  requirement  is  not  met,  since  the  two  pairs  of  tt -electrons  are  localized  in  the  1,2-  and  3,4-bonds,  thereby 
providing  for  the  full-valued  acetylenic  character  of  these  bonds  and  making  them  even  shorter  and  stronger,  as 
we  have  seen.  Acting  as  though  "from  without,"  the  interacting  pairs  of  tt -electrons  localized  in  the  1,2-  and 
3,4-bonds  draw  together  the  atoms  in  the  C-C  bond  to  a  distance  of  1.36  A  (instead  of  1.55  A)  without  converting 
this  bond  to  a  multiple  bond  (double);  the  force  constants  of  the  central  C  -C  single  bond  in  diacetylene  (as  in 
dimethyldiacetylene),  calculated  taking  into  account  its  vibrational  frequency,  are  significantly  (more  than  20*70) 
lower  than  for  ethane  [26].  A  similar  picture  holds  for  1,3 -butadiene  and  other  conjugated  systems. 

4.  Understanding  of  the  dual  reactivity  of  1,3-butadiene  must  come  from  an  understanding  of  its  real  stmc- 
ture  as  characterized  above  and  from  the  dynamic  concepts  relative  to  the  nature  of  the  molecule,  as  developed 
in  the  theory  of  chemical  structure  by  A.M.  Butlerov  and  also  by  V.V.  Markovnikov  and  M.A.  Il'inskii.* 

The  most  electronized  regions  in  1,3 -butadiene  [14-16]  are  the  regions  of  the  double  bonds,  and  the  most 
electronized  locales  in  these  regions  are  the  1-  and  4-carbon  atoms,  which  are  in  methylene,  not  methyne, 
groups,  as  indicated  by  the  high  vibrational  frequencies  of  the  methylene  groups,  particularly  in  their  antisym¬ 
metric  vibrational  state.** 


terms  of  only  one  polar  coordinate  —  the  angle  3-  (the  "latitude").  Specific  characteristics  of  this  case  are  spher¬ 
ical  symmetry  of  the  field,  one  valence  electron,  and  the  absence  of  the  action  of  an  external  field.  But,  at  the 
beginning  of  the  1930's,  in  the  theory  under  consideration,  the  "figure-eight"  was  transferred  arbitrarily  [23]  to 
the  £  electrons  of  the  carbon  atom  and,  moreover,  to  carbon  atoms  in  molecules  with  ir -bonds;  i.e.,  the  "figure- 
eight"  was  extended  to  the  case  in  which  all  of  the  most  important  conditions  for  its  occurrence  (spherical  sym¬ 
metry,  etc.)  are  completely  absent.  The  question  became  merely  how  to  dispose  this  "figure-eight"  in  the  co¬ 
ordinate  system  to  obtain  the  desired  calculated  results  -  minimum  energy  of  the  system.  It  developed  that  for 
this  purpose,  the  axes  of  the  "figure-eights"  had  to  be  parallel  to  each  other,  perpendicular  to  the  line  of  tlie  bond 
between  carbon  atoms;  in  tt -conjugated  systems,  the  p-orbital  of  the  central  atom  must  equally  overlap  with  the 
p-orbitals  of  the  neighboring  atoms  [22];  all  of  this  mathematically  guarantees  the  maximum  value  of  the  ex¬ 
change  integral  (overlap  integral)  and,  thereby,  a  minimum  value  of  the  energy  of  the  system  [24].  Such  an  ar¬ 
bitrary  transfer  of  a  simplified,  single -coordinate,  mathematical  scheme  of  the  electron  density  of  hydrogen  and 
hydrogen-like  atoms  with  their  spherically  symmetrical  fields  to  complicated  molecular  systems  with  the  further 
arbitrary  mathematical  assumptions  for  the  purpose  of  obtaining  a  calculated  minimum  energy  for  the  system  in 
no  way  reflects  physical  reality,  nor  does  it  rest  on  any  physical  experiment,  and  it  is  disproved  by  the  other  ex¬ 
perimental,  physical  data  cited  above. 

*With  this  "dynamic  point  of  view  of  the  nature  of  a  chemical  compound"  [27,  28]  (cf.  [15, 16]),  A.M.  Butlerov 
discovered  the  phenomenon  of  tautomerism,  and  he  explained  by  it  the  dual  reactivity  of  various  compounds  [28]. 
With  particular  vigor,  M.A.  ITinskii  developed  dynamic  concepts  regarding  molecules  (for  details,  see  [29]),  and 
first  predicted,  on  the  basis  of  the  theory  of  chemical  structure  after  its  appearance,  the  existence  of  free  radicals, 
particularly  methyl  free  radicals.  A  radical  is  an  independent,  internally  self-equilibrating,  dynamic  particle  if 
the  radical,  as  M.A.  Il'inskii  wrote,  "can  exist  in  the  free  form  even  though  only  over  the  course  of  an  infinitely 
small  time"  [30].  These  dynamic  concepts,  which  are  justified  by  the  entire  development  of  organic  chemistry, 
can  clarify  for  us,  in  connection  with  the  material  presented  above,  the  essence  of  the  mechanism  of  the  reaction 
occurring  during  addition  to  1,3-butadiene  in  the  1,2-  and  3, 4 -positions. 

**Concerning  this,  see  [14-16,  31].- 
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The  frequencies  of  the  metliyne  arid  methylene  groups  are  (in  cm"^); 

Paraffins*  1,3 -Butadiene 

CH  2870  3003 

CHj  2853.  2908  3003,  3087 

It  is  natural  that  the  positive  end,  X,  of  a  molecule  of  reagent  (X  is  H'*',  Cl'*’,  Br'*’,  etc.)  is  directed  toward 
these  regions  of  the  molecule;  on  completion  of  polarization  in  the  reagent  molecules,  the  positive  end  adds  to 

+ 

one  of  tlie  terminal  atoms  of  the  system  with  the  formation  of  the  ion  XH2C-CH— C=CH2.  This  is  the  first  stage, 
with  respect  to  time,  in  the  addition  reaction.  Ionization  of  the  1,3 -butadiene  molecule  with  the  formation  of  a 
positively  charged  carbon  atom  in  the  2-position  imparts  a  corresponding  impulse  to  the  remaining  pair  of  tt  - 
electrons,  thereby  bringing  about  the  transition  of  (VIII)  to  (IX).  But  the  presence  in  (EX)  of  a  C'*'  atom  at  the 
end  of  the  chain  in  turn  imparts  an  impulse  to  the  transition  of  (K)  to  (VIII);  i.e.,  the  following  tautomerism  of 
the  carbonium  ions  is  established: 

XHjC— ctf— CH=CH,  -fr  xn,c— cn=CH-(tu,. 

(VIII)  (IX) 

This  definitely  involves  two  tautomeric,  separately  existing  ions  which  differ  in  their  chemical  structure 
(in  the  order  of  the  bonds),  and  not  a  single  mesomeric  or  hybrid  ion  [(VIII)  ♦-►(IX)  or  XH2C-CH-CH=CH2]. 
Depending  on  the  reaction  conditions,  the  addition  of  the  negative  ion  (Cl",  Br")  can  be  to  particle  (VIII)  in  the 
2-position  or  to  particle  (IX)  in  the  4-position.  In  order  for  these  reactions  to  take  place,  the  ions  (VIII)  and  (K) 
must  be  —  must  exist  as  —  separate  particles,  though  their  lifetime  be  infinitely  small.  The  presence  of  products 
of  addition  at  the  1,2-  and  1,4-positions  is,  in  turn,  proof  of  the  existence  of  the  indicated  tautomeric  ions  as  in¬ 
dividual  particles. 

SUMMARY 

1.  The  explanation  of  the  dual  reactivity  of  tt -conjugated  systems  by  hypotheses  based  on  the  mesomeric 
effect  (static  conjugation)  in  the  unreacting  molecule  and  on  first  order  hyperconjugation  in  the  intermediate 
carbonium  ion  are  not  authentic.  Such  systems  (1,3 -butadiene,  diacetylene,  hexachlorobutadiene)  do  not  have 
mesomeric  stmctures  with  equalized  bonds  as  proposed  by  the  indicated  tlieory;  in  particular,  their  multiple 
bonds  are  not  lengthened. 

2.  The  first  stage  of  the  reaction  —  polarization  of  the  reagent  and  tlie  addition  of  its  cation  to  the  end  of 
the  molecule  —  promotes  increased  electronization  of  the  methylene  groups  in  1,3 -butadiene.  The  dual  reactivity 
of  1,3 -butadiene  is  brought  about  by  this  first  stage  of  the  reaction,  and  is  due  entirely  to  the  separate  existence 
in  space  of  the  ions  (VIII)  and  (DC),  which  differ  in  tlieir  chemical  structures,  during  the  tautomeric  transforma¬ 
tion  of  one  to  the  other. 
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SIGNIFICANCE  OF  ABBREVIATIONS  MOST  FREQUENTLY 
ENCOUNTERED  IN  SOVIET  PERIODICALS 
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Izd,  AN  SSSR 
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LETIIZhT 
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MEP 

MES 

MESEP 

MGU 

MKhTI 

MOPI 

MSP 

Nil  ZVUKSZAPIOI 

NIKFI 

ONTI 

OTI 

OTN 

Stroiizdat 

TOE 

TsKTI 

TsNIEL 

TsNIEL-MES 

TsVTI 

UF 

VIESKh 

VNIIM 

VNIIZhDT 

VTI 

VZEI 


Phys.  Inst.  Acad.  Sci.  USSR. 

Water  Power  Inst. 

State  Sci.-Tech.  Press 

State  Tech,  and  Theor.  Lit.  Press 

State  United  Sci.-Tech.  Press 
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All-Union  State  Standard 

State  Tech,  and  Theor.  Lit.  Pre4s 
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Soviet  Science  Press 

Acad.  Sci.  USSR  Press 

Moscow  State  Univ.  Press 

Leningrad  Power  Inst,  of  Railroad  Engineering 

Leningrad  Elec.  Engr.  School 

Leningrad  Electrotechnical  Inst. 

Leningrad  Electrical  Engineering  Research  Inst,  of  Railroad  Engr. 

State  Sci.-Tech.  Press  for  Machine  Construction  Lit. 

Ministry  of  Electrical  Industry 
Ministry  of  Electrical  Power  Plants 

Ministry  of  Electrical  Power  Plants  and  the  Electrical  Industry 
Moscow  State  Univ. 

Moscow  Inst.  Chem.  Tech. 

Moscow  Regional  Pedagogical  Inst. 

Ministry  of  Industrial  Construction 
Scientific  Research  Inst,  of  Sound  Recording 
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